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FOREWORD

The military events of the past year have served to reempha-
size the importance of burns as a combat injury. In the Falkland
Islands war, 18 per cent of all casualties sustained burns and in
the Lebanon conflict 8.6 per cent of the injured had burn
injuries. Such verification of the military relevance of the
clinical care and research activities of this Institute fully
justifying not only continued but expanded support thereof comes
at a time when the surgical staffing of the Institute is criti-
cally low. During the current fiscal year the surgical staff
will reach a nadir of three assigned individuals to accomplish a
workload justifying 10 authorized positions for surgeons. The
potential impact of the shortage of surgical staff has been
further emphasized in the report of the civilian committee which
reviewed quality of care at the Institute this year. That committee
identified and highlighted the peril in which the shortage of surgeons
places research activities. The 30 per cent staffing level noted
above will necessitate suspension of research projects and fulfill the
most dire prophecies of the site visit team. Diminution of research
activity and loss of research productivity will not only abrogate
further progress in the care of the combat injured soldier but lead to
forfeiture of the leadership position in burn care occupied by the US
Army Medical Corps for the past 36 years.

Among the factors contributing to this surgical staff crisis
are a pay scale that is non-competitive with academic salaries, a

perceived promotion handicap for surgeons in an R&D assignment, and a
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general disdain within the Medical Corps for academically oriented
scholarly activity. These disincentives must be overcome and the

Institute must maintain its close contacts with academic surgical

e
pan " T

programs in order to compete successfully for the type of surgeon
investigators who have been responsible for the Institute's
contributions to surgical care. By identifying clinically signi-
ficant problems and then collaborating with other Institute
£4 . scientigsts to bring about solutions to those problems, our surgi-
cal staff members have played a key role in the research results
reported in this volume and are necessary for the continuity of
such research.

The future of this Institute and its credibility in the field
f of trauma surgery depend upon a surgical staff of sufficient
size to ensure continued excellence of care and concomitant

< investigative activity. Moreover, a continuing commitment to

essential to ensure further progress and improvement in the care

s |
E ‘ research and academic endeavor on the part of those surgeons is
i of the combat injured soldier.

Bl ISt

: BASIL A. PRUITT, JR., , FACS
: Colonel, MC
Commander and Director

The opinions or assertions contained herein are the private views
" of the author and are not to be construed as official or as
reflecting the views of the Department of the Army or the

Department of Defense.
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ABSTRACT
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During calendar year 1981, 229 patients were admitted to the
Clinical Division of the United States Army Institute of Surgical
Research. Principle activities of the Clinical Division included
cvare of the severely injured patient, research to improve survival
and function of the fnjured patient, and the education and train-
ing of health care professional and para professional personnel.
The areas of research included evaluation of wound care techniques
to {nclude subeschar antibiotic administration for preventlon
and treatment of burn wound infection, the metabolic response
to and nutritional support of the severely injured patient, the
effect of collnid administratlon on extravascular lung water,
neuro-endocrine {nter-relationships and alterations following
injury, and the effect of early excislon of the burn wound.

Autograft Topical Therapy
Allograft Resuscitation
Zenopraft Aeromedical Transfer
Thermal Injury Inhalation Injury




CLINICAL OPERATION, CENTER FOR TREATMENT
OF BURNED SOLDIERS

The Clinical Division, U.S. Army Institute of Surgical
Research admitted 229 soldiers and other authorized patients
with thermal, chemical, or electric injuries during calendar
year 1981. Aeromedical teams from this Institute conducted
71 missions to transfer 97 (42.3%) of the 229 admitted patients.
Seventy of the 71 missions were within the Continental United
States for 86 patients of which 26 missions were by rotary wing
aircraft and 44 were by fixed wing aircraft. 1In addition one
OCONUS flight to Honduras was accomplished for 11 patients.

Forty patients (17.5%) of the 229 admissions were admitted
directly from Emergency Medical Services Iin the San Antonio area
and not transferred from another medical facility. Seventy six
(36.5%) of the 229 patients were admitted within 24 hours of
injury and 127 (55.5%) were admitted within 48 hours of injury.
The following statistics are based on 208 patient dispositions
during calendar year 1981 of which 161 were male patients and

47 were female. The ages of these 208 patients ranged from
three months to 87 years with an average of 28 years. Burn

size averaged 30.37% of the body surface with an average full
thickness burn of 14.7%. Thirty seven patients were in the
pediatric age group (age 15 and under) with an average age of
3.8 years and an average burn size of 24.6% of the body surface.
The average hospital stay was 43.6 days when convalescent leave
was fincluded in the calculation and 41.1 days when convalescent
leave was subtracted. There were 17 patients with high voltage
electric Iinjury, 4 patients with chemical injury and one patient
with frostbite associated with burn injury. The source of admis-
sion Is identified in Table 1 and the cause of burn injury 1is
delineated in Table 2.

MORBINDITY AND MORTALITY

Forty-three of 2N8 patients (20.7%) died during calendar year
1981. Autopsies were performed in 23 (53.5%) of these hospital
deaths. The average burn size of patients who died was 62.2%
and the full thickness average was 39.87%. The ages of patients who
died ranged from 16 months to 87 years with an average age of 34.4
years. Fifteen of the 43 patients (35%) had inhalation injury as
a primary diagnosis an antecedent to pneunmonia as a cause of
death. Seven (16%) patients died with an acute myocardial infarc-
tinn., Eight patients (18.6%) had burn injury ranging from 92% to
100%Z of the body surface. Two patients had pulmonary emboli
as a cause of death. Seven children (16.3% of deaths) died with
an average total body surface burn of 587 and an average full
thickness burn of 38.6%. The average age of children who died was
3.4 years (range 16 months to 6 years) and two of these seven had
autopsies. Infection, again this year, was the most common




complication following injury. Fifty one of 208 patients had
bacteria recovered from the blood; Pseudomonas aeruginosa in 14
patients, Staphylococcus aureus in 14 patients, Providencia
stuartii in nine, Klebsiella spp. in 4 patients, and a variety of
predominately gram negative organisms in the remaining ten
patients. Burn wound sepsis was diagnosed in 28 patients and
suppurative thrombophlebitis in five patients.

One patient required celiotomy and cecostory for acute dilatation
of the right colon and cecum. Eleven patients had clinical upper
gastrointestinal hemorrhage and all responded to nonoperative
therapy.

Twenty four patients had acute renal failure and seven were di-
alized (5 hemodialyses and 2 peritoneal dialyses). Acute myocar-
dial infarction was diagnosed in 12 patients, 5.87% of dispositions.
Bronchopneumonia was diagnosed in 52 patients, inhalation injury

in 64 patients (30.8% of dispositions) and pulmonary emboli in

10 patients. Ninety-one patients (43.,8%) had some associated in-
jury (includes 64 patients with inhalation injury); fractures or
dislocations in 13 patients, lacerations in 1] patients and closed
head injury in nine patients were the most common associated in-
juries.

EDUCATION

The professional staff of the Clinical Division of the U.S, Army
Institute of Surgical Research continued to be committed to pro-
viding education to all professional and paraprofessional levels
locally, nationally and internationally during 1981. A total of
19 resident physicians were attached for periods of one to two
months during 1981 including 5 from Fitzsimons Army Medical Center,
4 from Travis AFB, 2 from Brooke AMC, 1 each from Letterman AMC
and Walter Reed AMC and 4 from civilian residency programs includ-
ing 3 from William Beaumont Hospital in Royal Oak, Michigan and 1
from the University of Texas Health Science Center at San Antonio.
A total of 14 medical students rotated at this center including
University of Texas Southwest Medical School at Dallas, University
of Chicago, Vanderbilt University, Baylor University, Albert Ein-
stein, Rutgers and Creighton University of which 3 of these
students were Health Profession Scholarship students. Physicians
visited this Institute from foreign countries for periods of time
ranging from 1 day to 6 months and included 24 from the Peoples
Republic of China, 5 from Norway, 4 from Mexico and 1 each from
Italy, Hungary, Nepal, Australia, Canada, England, Panama, Jordan,
Thailand, Egypt, and Puerto Rico. The Physical Therapy Branch of
the Institute had 39 trainees, both military and civilian and

the Occupational Therapy Branch had 64 trainees in the calendar
year 1981. Seven scientific publications appeared in refereed
medical journals and approximately 150 scientific presentations




were conducted for military and civilian audiences. Numerous
sclentific presentations were made at the Academy of Health
Sciences and various military installations throughout the Contin-
ental United States to include support of the Battlefield Medicine
Course of the U.,S. Alr Force and the Combat Casualty Courses of the
UsS. Army. In addition, weekly professional staff conferences were
conducted for and by the Institute personnel.

STATISTICAL RESUME

During calendar year 1981, 229 patients were admitted to the Insti=-
tute of Surgical Research and there were 208 dispositions during
the same period. All subsequent data are based on dispositions.
There were 161 males and 47 females with an average age of 28 years
ranging from 3 months to 87 years of age. Thirty seven patients
(17.8%) were less than 15 years old and 43 patients (20.6%) were
over 45 years of age. The average total burn of the entire popula-
tion was 30.3% of the total body surface with 14.7% average extent
of full thickness injury. The average hospital stay of all patient
excluding convalescent leave for active duty military was 43.6
days. One hundred twenty seven patients (62%) were admitted within
48 hours of injury.

During 1981, 1,754 operative procedures were performed on 176
patients for an average of 8 operative procedures per patfent.
Four hundred two anesthetics were gilven to 129 patients (1.9 per
patient). One hundred twenty seven patients received a total of
514,000 cc of blood (4047 ¢c¢ per patient).

Table 1 {dentifies the source of admission of patients during the
calendar year 1981; Table 2 summarizes burn etiology; Table 3 lists
the effective age and extent of injury on survival; and, Table 4
lists mortality rate associated with increments of 10% total bhody
surface burn for the years 1978 through 1981. Table 5 summarizes
the survival of patients with extensive burns from 1958 through
1981 and Table 6 compares mortality before and after the use of
toplical chemotherapy of the burn wound. Table 7 lists the cause of
death for calendar year 1981,
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& Table 1. Source of Admission, 1981
j; Area A AD AF AFD N ND VAB Other Total
”f 1st Army 4 0 0 0 1 0 0 0 5
; 3rd Army 3 2 0 1 3 1 4 13 27
; Sth Army 17 12 9 9 3 1 12 66 129
" 6th Army 6 1 0 3 2 0 1 2 15
Korea 2 2 3 0 0 0 0 I 8
Germany 3 1 3 1 0 0 0 0 8
; Mexico 1 0 0 0 0 0 0 0 1
i' Brazil 0 o o0 0 o o 0 1 1
2 Panama 1 o o 0 0o 0 0 0 1
4 Hawati 0 o o 0 0 0o 0 1 1
3‘: Azores 0 0 1 6o 0 0 0 0 1
| Honduras 0 0 0 0 0 0 0 11 11
1 37 18 16 14 9 2 17 95 208
| ———————————— - -
i A - Army N - Navy, Marine Corps & US Coast Guard
AF - Air Force VAB - Veterans Administration Beneficiary
D - Dependent

Other: Civilian Emergency
US Public Health Service Beneficlary
Bureau of Employees Compensation Beneficiary
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Table 5. Survival and Death by Year for Patients
With Extensive Burns, 1959-1981

Survivors (burns over 30%) Deaths
Year No. Average % Burn No. Average % Burn

Cases Total 3° Cases Total 3°
1959 29 43.1 20.6 24 63.1 38.1
1960 17 44,2 20.1 30 57.8 37.3
1961 18 44,2 25.0 31 58.0 39.7
1962 18 42,7 21. 4 54 59.1 46.2
1963 28 45.8 19.6 57 69.0 41.0
1964 40 41.8 14.8 37 65.0 42.4
1965 47 43,8 21.0 33 66,0 33.4
1966 68 61,5 14.9 59 59.9 31.3
1967 103 42,7 13.3 51 59.9 32.3
1968 143 44,2 12.6 38 54.6 24,6
1969 113 43.2 iIl.1 70 58.7 26.4
1970 92 39.4 10.7 70 51.9 32.6
1971 63 41.9 14.0 68 60.8 38.0
1972 62 42,0 17.2 103 56.7 35.9
1973 47 43.7 19.6 113 60.3 36.2
1974 55 43.9 12.2 97 60.8 35.9
1975 80 46.1 14.7 94 61.3 32.8
1976 69 45.5 15.0 79 64,2 31.1
1977 66 42.2 l4.4 70 56.9 29.0
1978 67 45,7 14.8 69 55.2 33.0
1979 61 45.4 13.4 74 65.0 37.0
1980 62 42,7 15.1 66 64.3 41.8
1981 54 42,7 17.5 43 62,2 39.8

11
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PRESENTATIONS:

Pruitt BA Jr: Current Concepts of Burn Care. Coco Solo
Hospital, Panama Canal Zone 12 Jan 81.

Prufitt BA Jr: Recent Advances in Burn Care. Medical
Assn of the Isthmian Canal Zone, Panama 12 Jan 81.

Pruitt BA Jr: 1)Pulmonary Complicatiors of Thermal In jury,
Including Inhalation Injury; 2) Management of the Burn Wound.
Gorgas Army Hospital, Panama 13 Jan 81.

Pruitt BA Jr: Early Care of the Extensively Burned Patient.
Santo Thomas Hospital, Panama 14 Jan 81,

Pruitt BA Jr: Management of Burn Patients in a Combat
Environment. Gorgas Army Hospital, Panama 14 Jan 81.

Pruitt BA Jr: Metabolic Changes and Nutrition of Burn
Patients. Gorgas Army Hospital, Panama 15 Jan 81.

Mansour EH: Treatment of Burns. Officers Basic¢c Course,
Academy of Health Sciences, Fort Sam Houston, TX 14 Jan 81.

Pruitt BA Jr: Burn Care: From Hopelessness to Hope.
Evanston Hospital Burn Center, Evanston, IL 19 Jan 81.

Pruitt BA Jr: Triage and Initial Care of Burns. Robert
B. Green Hospital, San Arntonio, TX 4 Feb 81.

McManus WF: Classification of Burns. Intensive Care Nurse
Clinician Course students, BAMC ¥t Sam Houston, TX 4 Feb 81.

McManus WF: Complications of Burns. Intensive Care Nurse
Clinician Course students, BAMC Ft Sam Houston, TX 5 Feb 81.

Strieper GE: Burn Nursing. Intensive Care Nurse Clinician
Course students, BAMC, Ft Sam Houston, TX 6 Feb 81.

Maguire M: Physical Therapy in Burns. Intensive Care Nurse
Clinician Course students, Ft Sam Houston, TX 9 Feb 81.

Fullerton J: Role of Occupational Therapy in the Thérmally
Injured Patient. Intensive Care Nurse Clinic¢ian students, Ft Sanm
Houston, TX 9 Feb 81.

Prufitt BA Jr: 1YCare of Burn Patients and Combat Envir-
onment Modificatfon Thereof; 2) Wound Care and the Dfagnosis
and Treatment of Inhalation Injury. Brooks Aerospace, San
Antonio, TX 11l Febh 81.
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Cheney VR: Burn Nursing. Nursing students Brackenridge
Hospital School of Nursing, Austin, TX 11 Feb 81.

Terry J: Emergency Care in Burns. Physiclan's Assistants
students AHS, Ft Sam Houston, TX 13 Feb 81,

Cheney VR: Overview of Burn Care. Association of Critical
Care Nurses, San Antonio, TX 17 Feb 81.

McManus WF: Modern Trends in Burn Management. Southwest
Missouri Chapter American College of Surgeons. San Antonio, TX
20 Feb 81.

Cheney VR: Burn Nursing. Nursing students, Baptist Hospital
School of Nursing, San Antonio, TX 23 Feb 81.

Cheney VR: Burn Management. Medical Explorers (Boy Scouts)
San Antonio, TX 25 Feb 81.

Pruitt BA Jr: 1) Early Care of the Burn Patient - Minor and
Ma jor; and 2) Life-Threatening Complications of Thermal Injury.

Wesley Medical Center Trauma - Initial Care Symposium, Wichita, KS§
27 Feb 81.

Maguire M: Physical Therapy and Thermal Injuries. Students
91J school, BAMC ¥t Sam Houston, TX 4 Mar 81l.

Maguire M. Evaluation of the Upper Extremity in Sports.
Medical Explorers (Scouts) San Antonio, TX 5 Mar 81.

Pruitt BA Jr: 1) Early Care of the Severely Burned Patient; 2)
Metabolic Alterations Following Multisystemic Injury and Im-
plications of Nutritional Management; 3) Nutritional Management of
the Severely Injured Patient; 4) Massive Body Burns; 5) Pulmonary
Complications Follawing Massive Body Burn Injuries. USC Critical
Care Medicine Course, Las Vegas, NV 5-7 Mar 81

Pruitt BA Jr: Initial Assessment of Burn Patients. Brown

University, School of Medicine, Department of Surgery, Providence,
12-14 Mar 81.

McManus WF: Management of the Burn Patient. Army Science
Board briefing, Fort Sam Houston, TX 17 Mar 81.

Maguire M: P.T. and the Thermally Injured Patient. USAF P.T.
students, Wilford Hall USAF Medical Center, Lackland AFB, TX
17 Mar 81,
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Fullerton J: O0.T.s Role with Thermally Injured Patients.
Social Work Service, Relatives of Patients. Ft Sam Houston, TX 18
Mar 810

Pruitt BA Jr: Care of Burn Patients in a Combat Environ-
ment. US Army Reserve Medical Symposium, Oklahoma City, OK
19 Mar 81.

Maguire M: Care of the Burn Patient, Baylor Univ Master's
P.T. students, Academy of Health Sciences, Ft Sam Houston, TX 24 -~
25 Mar 81.

The following presentations were made to the Oklahoma Surgical
Society, Fort Sam Houston, TX on 26 Mar 81:

Pruitt BA Jr: Current Techniques of Burn Care
McManus WF: Recent Advances in Burn Care.

Mansour EH: Treatment of Burns.,. Officers Basic Course,
Academy of Health Sciences, Fort Sam Houston, TX 27 Mar 81.

Pruitt BA Jr: Initial Assessment of Burn Patients. Fort
Sam Houston Advanced Trauma Life Support. 29 Mar 8l1.

Cheney VR: Overview of Burns. Nursing educators, BAMC
Recruiting Command, Ft Sam Houston, TX 31 Mar 81.

Pruictt BA Jr: Stress Ulcers and Postinjury Pancreatitis.
ACS Spring Meeting, New Orleans, LA 1 Apr 81.

Pruitt BA Jr: Planning, Implementing and Evaluating the
Importance of Public Education Programs. American Burn Assn
Anl Mtg, Washington, D.C. 3 Apr 81.

Maguire M: The Evaluation of the Lower Leg and Overuse
Syndromes. HSC Musculoskeletal Course, Ft Sam Houston, TX 8 Apr 81.

Maguire M: Evaluatlion and Treatment of the Elbow, Wrist and
Hand. HSC Musculoskeletal Course, Ft Sam Houston, TX 14 Apr 81.

Maguire M: Evaluation of the Hip and Its Treatment., HSC
Musculoskeletal Course, Ft Sam Houston, TX 15 Apr 81,

Pruitt BA Jr: Initial Care of the Burn Patient. Wilford
Hall USAF Medical Center, Lackland AFB, TX 16-18 Apr 81.

Fullerton J: The Role of the Occupational Therapist {n the

Care of the Burn Patient. Occupational Therapy students, St.
Phillip's College, San Antonio, TX 20 Apr 81.
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Pruitt BA Jr: 1) Early Care of the Burn Patient; 2) Diag-
nosis and Treatment of Inhalation Injury: Triage and Aeromedi-
cal Transfer of Burn Patients. Brooks AFB Battlefield Medicine
Course, San Antonio, TX 29 Apr 81.

Pruitt BA Jr: Review of Clinical and Research Activities
of USAISR. HSC for Washington Corps of Military Attaches, Fort
Sam Houston, TX 29 Apr 81.

Syby C: Burn Care. Incarnate Word School of Nursing, San
Antonio, TX 30 Apr 81.

Pruitt BA Jr: The ISR Experience with Patients Sustaining
Burns in Vietnam. Gary Wratten Symposium, San Antonio, TX 1 May 81l.

Pruitt BA Jr: Current Military Research in Burn Care. 12lst
ARCOM Medical Seminar, Birmingham, AL 2 May 81.

Pruitt BA Jr: Gastrointestinal Complications of Injury. El
Paso Surgical Society, El Paso, TX 4 May 81.

Pruitt BA Jr: The Metabolic Response to Injury. Texas Tech
Regional Academic Health Center at El1 Paso, El1 Paso, TX 4 May 81.

Cheney VR: Burn Care. LVN School, Jourdanton, TX 12 May 81.

Pruitt BA Jr: 1) Inhalation Injury to Include Carbon Monoxide
Poisoning; 2) The Metabolic Response to Severe Injury; 3) Fluid
Replacement Following Injury; 4) The Diagnosis and Treatment of
Opportunistic Infections. Barnes Hospital, St. Louis, MO. 13 May
81.

Strieper GE: Burn Care in Disasters. Disaster Planning
Workshop, University of Utah, Salt Lake City, UT 14-15 May 81.

McManus WF: Burns. Nursing Inservice Program. Fort Sam
Houston, TX 20 May 81.

Cheney VR: Burn Update. Social Work Service, BAMC, Ft
Sam Houston, TX 27 May 81.

McManus WF: The Mission and Function of the Institute of
Surgical Research. Rotary Club, San Antonio, TX 29 May 81.

McManus WF: Burn Mass Casualty Management. Presented to
Second World Congress on Emergency and Disaster Medicine,
Pfttsburgh, PA 2 Jun 81.

Pruitt BA Jr: The Diagnosis and Treatment of Burn Wound
Infections. Robert Packer Hospital, Sayre, PA 3-5 Jun 81.




Cheney VR: Burn Nursing. Brackenridge School of Nursing,
Austin, TX 8 Jun 81.

Cheney VR: Overview of Burn Care. Recruiting Command, BAMC
Ft Sam Houston, TX 9 Jun 81.

Brown JR: Occupational Therapists Role With Thermally In jured
Patients. Social Work Service, patient's relatives. Ft Sam
Houston, TX 10 Jun 81.

Cheney VR: Burns as an Emergency. Aviators Academy of
Health Sciences, Ft Sam Houston, TX 12 Jun 81.

Pruitt BA Jr: 1) Transportation of Burn Patients; 2) Resus-
citation of Burns. Trauma Symposium, Cleveland, OH 12-13 Jun 81.

Cheney VR: Burn Nursing. University of Texas School of
Nursing, San Antonio, TX 17 Jun 81.

Pruitt BA Jr: 1) Diagnosis and Treatment of Inhalation
Injury; 2) The Metabolic Response and Nutritional Support of the
Burn Patient. University of Minnesota Twin Cities, Minneapolis, MN
18-20 Jun 81.

Pruitt BA Jr: Fluid Resuscitation and Metabolic Changes 1in
Burn Patients. Literature Conference UTMC, San Antonfo, TX 24 Jun
81.

McManus WF: Electric Injury. Nursing Inservice Program.
Fort Sam Houston, TX 24 Jun 81.

Allie J: Physical Therapy and the Burn Patient. 91J students
Academy of Health Sciences, Ft Sam Houston, TX 26 Jun 8l.

Cheney VR: Overview of Burns. Social Work Service, BAMC,
Ft Sam Houston, TX 22 Jul 81.

Brown JR: The Role of Occupational Therapists with the
Thermally Injured. 91L students Academy of Health Sciences, Ft Sam
Houston, TX 22 Jul 81.

Maguire M: Evaluation of Hip and Upper Extremity in Sports.
University of Texas P.T. students, San Antonio, TX 24 Jul 81,

Pruitt BA Jr: Overview of Current Research and Development
in the Treatment of Burn Injury. Joint United Kingdom/USN Workshop
on Research and Development for Improved Combat Casualty Care,
Alverstoke, Hampshire, England 27-31 Jul 81.
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Maguire M: Evaluation of Hip and Upper Extremity in Sports.
University of Texas P.T. students, San Antonio, TX 31 Jul 81.

McManus WF: The Mission and Function of the Institute of
Surgical Research. Rotary Club, San Antonio, TX 10 Aug 81.

Pruitt BA Jr: Burn Care in the Emergency Room. Third Annual
USAF PA Seminar, San Antoniq, TX 11 Aug 81.

Cheney VR: Burn Care. O+.R. Nursing Course, BAMC, Ft Sam
Houston, TX 11 Aug 81.

Lawyer RA: Skin Grafting. O.R. Nursing Course, BAMC, Ft
Sanm Houston, TX 11 Aug 81.

McManus WF: Classification of Burns. Intensive Care Nurse
Clinician Course students, BAMC Ft Sam Houston, TX 12 Aug 81.

Pruitt BA Jr: Current Status of Biologic Dressing. Litera-
ture Conference UTMC, San Antonio, TX 12 Aug 81.

McManus WF: Complications of Burns. Intensive Care Nurse
Cliniclan Course students, BAMC, Ft Sam Houston, TX 13 Aug 81.

Strieper GE: Care of the Thermally Injured. Intensive Care
Nurse Clinician Course students, BAMC, Ft Sam Houston, TX 14 Aug
81.

Allie J: Physical Therapy and the Burn Patient. Intensive
Care Nurse Clinician Course students, BAMC, Ft Sam Houston, TX
18 Aug 81.

Brown JR: Occupational Therapy and the Burn Patient. Inten-
sive Care Nurse Clinictan Course students, BAMC, Ft Sam Houston,
TX 18 Aug 81,

Pruitt BA Jr: Hemodynamic Consequences of Burn Injury. Royal
Brisbane lHospital Surgery Grand Rounds, Brisbane, Australia 17 Aug
81.

Pruitt BA Jr: 1)Metabolic Changes After Severe Injury; 2)
Current Status of Burn Care. Royal Australasfan College of
Surgeons, Dunedin, New Zealand 18-21 Aug 81.

The following presentations were made at the course entitled
0.T. and P, T. Care in the Thermally Injured Patient. Academy of
Health Sciences, Ft Sam Houston, TX 31 Aug - 4 Sep 81:

Maguire M: Physical Therapy and the Burn Patlent
Brown JR: Occupational Therapy and the Burn Patient
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Pruitt BA Jr: Pulmonary Complications of Thermal Injury.,
Univ Texas Continuing Medical Education Program, San Antonio, TX
1 Sep 81.

X Cheney VR: Overview of Burn Care. Officers Workshop, Academy
) ¢ of Health Sciences, Ft Sam Houston, TX 1 Sep 8l.

Allie J: Physical Therapy and the Burn Patient. Social Work
Service, Patient's Relatives, Ft Sam Houston, TX 8 Sep 81.

McManus WF: Treatment of Burns. Officers Basic Course,
Academy of Health Sciences, Fort Sam Houston, TX 15 Sep 81,

Cheney VR: Burn Care. Social Work Service, BAMC, Ft Sanm
Houston, TX 16 Sep 81.

Allie J: Physical Therapy and the Burn Patient. USAF P.T.s
Wilford Hall Medical Center, Lackland AFB, TX 16 Sep 81.

Strieper GE: Pathophysiology of Burns and Burn Care. Graduate
Nursing students, University of Texas at San Antonio, TX 18 Sep 81.

Fullerton J: Occupational Therapy and the Burn Patient.
Health Careers Class, Highlands High School, San Antonio, TX
22 Sep 81.

Pruitt BA Jr: 1) Early Care of Burn Patients; 2) Burn Wound
Care and Complications of Thermal Injury. Battlefield Medicine
Course, Brooks AFB, TX 23 Sep 81.

Pruitt BA Jr: Current Status of Burn Care in the United
States. San Antonlo Shriners Meeting, San Antonio, TX 23 Sep 81.

Strieper GE: Burn Care as Part of Operational Readiness.
Navy nurses, National Naval Medical Center, Bethesda, MD 24 Sep 81.

Pruitt BA Jr: Current Status of Biologic Dressings. General
Motors Surgical Research Conference, Sloan-Kettering, New York, NY
28 Sep 81.

Cheney VR: Burn Care. Nursing students, University of Texas
at San Antonio, TX 29 Sep 81.

i Stallings RJ: The Burn Patient., Social Service Brooke Army
Medical Center Fort Sam Houston, TX 30 Sep 81l.

' McManus WF: Inhalation Injury., Nursing Inservice Program.
Fort Sam Houston, TX 1 Oct 81.
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Cheney VR:
Health Sciences,

Burn Nursing. Physician's Assistants, Academy of
Ft Sam Houston, TX 2 Oct 81.

Cheney VR: Burn Nursing. LVN Assistants, San Antonio, TX
6 Oct 81.

Pruitt BA Jr: Fluid Management of the Extensively Burned
Patient. General Surgery Service, BAMC, Ft Sam Houston, TX
6 Oct 81.

Brown JR: O0.T.'s Role with the Thermally Injured. 91L
students, Academy of Health Sciences, Ft Sam Houston, TX 13 Oct 81.

Strieper GE: Burn Treatment in the NBC Environment. 21st
General Hospital, St Louis, MO, 18 Oct 81.

McManus WF: Treatment of Burn Patients. Anerican Medical
Record Association, San Antonio, TX 21 Oct 81.

Cheney VR: Burns as an Emergency. Aviators, Academy of
Health Sciences, Ft Sam Houston, TX 26 Oct 81.

Pruitt, BA Jr: Current Management of Burn Injury. Wilford
Hall Surgical Staff Lecture Series. Lackland AFB, TX 27 Oct 81.

Strieper GE: Overview of Burn Nursing. Nursing students of
the University of New Mexico, Albuquerque, NM 27-29 Oct 81,

The following presentations were made at the annual meeting
of the Assoclation of Military Surgeons of the ¢S, San Antonio, TX
2 Nov 81:

Pruitt BA Jr: Epidemiology Triage and Transport of the Burn
Patient

McManus WF: Resuscitation and Early Care of the Burn Patient.

Goodwin CW: Diagnosis and Treatment of Inhalation Injury

Stallings RJ: Diagnosis, Treatment and Prevention of Burn
Wound Infections

Shirani KZ: Burn Wound Closure Including Excision

Cheney VR: Burn Nursing in Disaster. Presented to the Afir
Force Nurses, Wilford Hall USAF Medical Center, San Antonio, TX
2-3-4 Nov 81.

Yurt RW: Treatment of Burns. Of ftcers Basic Course, Academy
of Health Sciences, Fort Sam Houston, TX 3 Nov 81.

Allie J: Physical Therapy and the Burn Patient. Soclal Work
Service, patients families, Ft Sam Houston, TX 4 Nov 81.
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Pruitt BA Jr: Outpatient Management of Minor Burns. Present-
ing Emergencies Series, Georgia Hospital Association 4 Nov 81.

Pruitt BA Jr: Metabolic and Nutritional Consequences of
Thermal Injury. Bristol Myers Symposium on Nutritional Research,
Washington, DC 9 Nov 81.

McManus WF: Traumatic Injury. Clinical Pastoral Chaplain's
Course, BAMC, Fort Sam Houston, TX 10 Nov 81.

Brown JR: Occupational Therapy and the Burn Patient. Social
Work Service, Patient's Relatives, Ft Sam Houston, TX 11 Nov 81.

Cheney VR: Overview of Burns., Department of Human Resources,
San Antonio, TX 20 Nov 81.

Pruitt BA Jr: Modern Burn Therapy. New Jersey Medical
School, Newark, NJ 22-24 Nov 81.

McManus WF: Care of the Wounds. Nursing Inservice Progranm.
Fort Sam Houston, TX 25 Nov 81.

Strieper GE: Management of Burn Patients, Missouri State
University, Kirksville, MO, For the Recruiting Command. 30 Nov 81.

Strieper GE: Management of Burn Patients, Avila College,
Kansas City, MO. For the Recruiting Command. 1 Dec¢ 81.

Strieper GE: Management of Burn Patients. Washburn College,
Topeka, KS. For the Recruiting Command. 2 Dec 81.

Strieper GE: Management of Burn Patients. Department of
Nursing, Fort Riley, KS. For the Recruiting Command. 3 Dec 81l.

Strieper GE: Management of Burn Patients, Pittsburg State
College, Pittsburg, KS. For the Recruiting Command. 4 Dec 81.

Pruitt BA Jr: 1) Fluid Resuscitation and Metabolic Changes
in the Injured Man; 2) Current Techniques of Burn Care and
Treatment of Infections. Philippine College of Surgeons, Manila
7-11 Dec 81.

McManus WF: Lasers and Radiation Burns. Academy of Health
Sciences, Fort Sam Houston, TX 8 Dec 81.

McManus WF: Treatment of Burns. Battlefield Medicine course,
Brooks AFB, TX 9 DNec¢ 81.

Pruitt BA Jr: 1) Metabolic Consequences of Thermal In jury;
2) Hemodynamic Monitoring of Burn Patlents; 3) Unsolved Problems
and Needs in Burn Care. International Society for Burn Injury
Annual Meeting, Denver, CO 12 Dec 81.
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PUBLICATIONS

Aulick LH, Goodwin CW, Becker RA et al: Visceral blood flow
following thermal injury. Ann Surg 193:112-116, Jan 81.

Pruitt BA Jr: Fluid resuscitation for extensively burned
patients. J Trauma 21, No 8 Suppl: 690-692, Aug 81.

McManus WF, Goodwin CW, Mason AD Jr et al: Burn wound in-
fection. J Trauma 21:753-756, Sep 81.

Aulick LH, Baze WB, Johnson AA et al: A large animal model
of burn hypermetabolism. J Surg Res 31:281-287, Oct 81.

Powanda MC and Moyer EB:

Plasma proteins and wound healing.

SG&0 153:749-755,

Nov 81.

Walker HL,

McLeod CG and McManus WF:

Experimental inhalation

{injury in the gnat.

J Trauma 21:962-964, Nov 8l1.
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ABSTRACT

PROJECT NO, 35162772A874-00, APPLIED RESEARCH

REPORT TITLE: CLINICAL OPERATION, CENTER FOR TREATMENT OF
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Investigator: Anton J. Jirka, MD, MPH, Colonel, MC

Reports Control Symbol MEDDH-288(R1)

In the period covered in this report, 404 anesthetics
were administered to 127 patients, an average of 3.18 anesthetics
per patient. The most commonly used anesthetic agent was Enflu-
rane (62.38%), followed by ketamine (25.74%), and nitrous oxide
(4.947). Due to the nature and combinations of procedures now
performed, reglional anesthesia is seldom used. An automatic
oscillometric blood pressure monitor is presently used on all
patients.

Anesthesia.
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ANESTHESIOLOGY

PREOPERATIVE EVALUATION

Most burn patients are several days postinjury when
first seen by the anesthesiologist. 1In the immediate postburn
period, the time is used to gain abundant physiologic data fronm
routine monitoring of various indices: hematologic (hematocrit,
electrolytes, liver and renal function tests), pulmonary
(arterial blood gases, respiratory rate, dally chest
roentgenograms), cardiovascular (blood pressure, central venous
pressure, cardiac output measured by use of Swan-Ganz catheters),
and renal (urine output, urine chemistry), in addition to the
usual preoperative patient interview and physical examination.

A1l patients, regardless of age, who have electrical inju-
ries have a preoperative electrocardiogram performed to rule out
possible myocardial damage.

PREOPERATIVE PREPARATION

All patients are kept NPO after 2400 the day prior to
surgery with the exception of children, who may receive clear
liquids up to five hours prior to surgery.

Due to extraordinary fluid requirements in most burned
patients, an intravenous infusion, if not already in place, 1is
begun the evening prior to surgery.

PREMEDICATION

Glycopyrrolate (RobinulR) 0.005 mg/kg to a maximun dose of
.4 mg, is given Intramuscularly as premedication 30 minutes prior
to anesthesia. Narcotic premedication is no longer routinely used.

FLUIDS

All fluids except hyperalimentation solutions are changed
to DgRL or RL on arrival in the operating room. Hyperalimentation
solutions are continued throughout operative procedures.

TYPES OF ANESTHESIA

The pattern of anesthetic administration has changed from
previous years and involves a greater use of enflurane and
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ketamine and a lesser use of halothane and regional anesthesia.
The reasons for this change will be discussed under individual
agent headings.) (Table 1)

TABLE 1. PRIMARY AGENTS

AGENT 1979 1980 1981
L ___NUMBER % NUMBER % NUMBER %
ENFLURANE 324 58.59 252 47.46 252 62.38
KETAMINE 143 25.86 183 34.46 104 25.74
HALOTHANE 18 3.25 10 1.88 16 3.96
N20 38 6.87 71 13.37 20 4.95
LOCAL 29 5.24 15 2.82 10 2.48
OTHER 1 0.18 0 0 2 0.49

1. Enflurane (EthraneR)

Enflurane is a halogenated ether which has been commercially
available for approximately the past seven years. It has a rapid
induction with good muscle relaxation. Biotransformation amounts
to less than 2% of an inhaled dose, which perhaps accounts for the
few clinical toxic effects observed. Plasma fluoride levels in
hypermetabolic burn patients during and after Enflurane administra-
tion have been measured and found not to be in the toxic range.
Enflurane is presently the must commonly used anesthetic agent at
the USAISR,

2. HalothaneR (Fluothane)

The use of halothane is avoilded mostly for less than rational
reasons related to descriptions of probable hepatotoxicity (inci-
dence 0.7 per 1000) in the literature. Previous studies at the
Institute of Surgical Research show its repeated use to be safe
in the thermally injured patient, and the National Halothane
Study showed halothane to be the anesthetic with the best over=-
all mortality rate. It is a smooth anesthetic, unsurpassed as
an agent for pediatric patients. This anesthetic is mainly used
now for asthmatics, patients with digitalis toxicity, and
children. Its use has decreased as we favor ketamine in the
young age group.
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3. Nitrous Oxide

This agent is used In concentrations of 50% or 60% with
oxygen. It is used mainly in conjunction with other analgesic or
] anesthetic agents. Succinylcholine has not been used for any
4 purpose in this unit for more than six years.

4, Ketamine

This agent is used both IM and IV to produce its characteris-
tic dissociative state, with preservation of basal functions
and laryngeal reflexes plus stimulation of the cardiovascular system.

w3 .éf NN

K Unfortunately, ketamine shares with its parent compound,
; phencyclidine, the production of a high incidence of unpleasant
hallucinogenic side effects., There seems to have been a "batch”
difference in ketamine, and that possessed by ISR in the past
had an almost 100% incidence of these effects. New methods of
& administering the drug, as well as various methods of premedica-
u tion and patient preparation, appear to have reduced the unpleas-
ant emergence reactions to a level where they are of little con-
i sideration in the well selected patient., Laryngospasm, airway ]
i obstruction and regurgitation can occur with ketamine. Pro-
nounced blepharospasm prevents {ts use in eye cases. All ketamine
anesthetics, other than in children, are preceded by 1V
diazepam (0.15-0.2 mg/kg).

-

Se Subanesthetic Ketamine

Subanesthetic ketamine (single dose 1.5-2 mg/kg IM) has not
been used during this reporting period except for dressing
changes where {t i{s the anesthetic of choice. Tolerance to !
ketamine has been noted in several patients after repeated
(greater than five) ketamine anesthetics. Ketamine 1is no longer
used for Hubbard tank procedures. Although of limited value,
sedation and narcotic analgesfia, administered under direction of
the surgical staff, have replaced ketamine for this use.

6. Regional Anesth.sla

Regional anesthesia is generally considered one of the safest
methods available, but its use in the thermally injured patient
fs limited for several reasons: sepsis and infection of the skin
4 over or near the site of injectinn are contraindications for use,
; and multiple-site operations also limit the practicality of this

method. Axillary block ts the most common regional technique
. used at USAISR. However the tendency toward multiple procedures
has decreased the usefulness of this technique.
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MONITORING TECHNIQUES

A, CIRCULATION

l. Precordial and/or esophageal stethoscope

2. Peripheral pulse

3. Blood pressure., Direct arterial lines have been used
when necessary, The DtnamapR blood pressure instrument {s rou-
tinely used for intraoperative blood pressure monitoring. Since
1t can he used over dressings and 1s noninvasive, {t Is a most
practical method of monitoring blood pressure in our patient
population.

4, cve

5. Swan Ganz catheter

6. ECG

7. Sponge weight - rarely used

8. Urine output
B. RESPIRATION

1. Rate

2. Auscultation

3. Arterial hlood gases
C. TEMPERATURE

In most cases a temperature monftor {s employed. Because of
the greatly {ncreased evaporative heat losses in burn patients,
hypothermia 1s a serious problem. Several methods are emploved

to maintaln body temperature during anesthesia:

1. Ambient temperature {s maintained at 82-879fF., This is
probably the most {mportant method to reduce heat loss.

2. The anesthetic gases may be heated and humidified.
3. A circle system which allows partial rebreathing of warm

explred pases may be used to minimize heat loss. A Bain Circulte
which achieves the same purpose 1s used in children.
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4. Radiant heat lamps

5. The K-thermia heating blanket can also be used. It is
probably used most effectively on children weighing less than
10 kg and for cooling febrile patients.

COMPLICATIONS

A 40 year old black male with multiple system complications
who had suffered two prior cardiac arrests during his hospitaliza-
tion sustained a third cardiac arrest post tracheostomy. He was
successfully resuscitated but died two days later of complications
from his burn., An autopsy was not performed.

PATIENT DATA AND OPERATIVE PROCEDURES
The following two tables illustrate overall anesthetic patient

data for the years 1970 through 1981 (Table 2) and recent trends
in operative procedures (Table 3).
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2%3. (J) To evaluate systemic and cardiopulmonary changes in burned
soldiers and the influence of fluid resuscitation. To study by both
invasive and noninvasive techniques pulmonary and myocardial fuancticn
in burned and hurned-infected patients.

24. () Hemodynamic flow and pressure changes are studied in burn pa-
tients during and after resuscitation. Cardiac outpnt and 1lung water
are astudied by a standardized rebreathing indicator-dilution technique
and by echocardiography. Comparisons in cardiac output hetween these
two methods are made and the state of myocardial contractility is
determined.

25. {J) 8110 - 8209. To assess the effects of crystalloid and colloid
resuscitation on hemodynamic response and on lung water following

thermal injury, 75 patients (mean age ?8 years, range 18-44, mean burn
3ize 47% total bhody surface, range 20- QO%{ were randomly assigned to
receive lactated Ringer's solution (CRY3) or a 2.5% albumin-lactated
Ringer's solution (°OLL) administered at a rate to produce a urinary
outpit of 30-99 ml/hr. Cardiaec output and myocardial contractility

were determined by echocariiography, and pulmonary extravascular water
was measared by a atandarl rebreathing technique. COLL patients received
less fluid than 1id JRY3 to restore adequ: e organ function (p < .01). i
Restoration of cardiac outpiat was identical, and indices of myocardial J
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performance were supranormal (p <.01 vs control) and equal in the two
resuscitation groups. Lung water remained unchanged in CRYS patients
and progressively increased in the COLL patient (p < .001) over the 7
day study; however, mean lung water was not significantly different
between the two groups. The inclusion of colloid in the resuscitation
fluid did not reduce measured lung water and may have produced the oppo-
site effect. The depressed cardiac output following thermal injury is
due to decreased intravascular volume rather than to a myocardial
depressant factor.
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ABSTRACT
PROJECT NO. 35162772a874-00, APPLIED RESEARCH
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;. To assess the effects of crystalloid and colloid

i resuscitation on hemodynamic response and on lung water

. following thermal injury, 79 patients were randomly assigned
3 to receive lactated Ringer's solution or 2.5% albumin-

‘O lactated Ringer's solution. Crystalloid treated patients

| required more fluid for successful resuscitation than did

' those receiving colloid solutions (3.81 vs 2.98 ml/kg body
weight/% body surface burn, p <0.01). In study phase 1 (29
patients), cardiac index and myocardial contractility
(ejection fraction and mean rate of internal fiber short-
ening, Vofg) were determined by echocardiography during the
first 48 hours postburn. Cardiac index was lower in the
12-24 hour posthurn interval in the crystalloid group, but
this difference between treatment groups had disappeared by
48 hours postburn. Fjection fractions were normal throughout
the entire study, while V.¢ was supranormal (p <.0l vs
normals) and equal in the two resuscitation groups. In study

Resuscitation

Lung water

Echocardiography

Colloids

Myocardial depressant factor
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phase 2 (50 patients), extravascular lung water and cardiac
index were measured by a standard rebreathing technique at

least daily for the first postburn week. Lung water remained
unchanged in the crystalloid treated patients (p >0.10) but
progressively increased in the colloid treated patients over

the seven day study (p <0.0001). Measured lung water differed
significantly (p <.001) between the treatment groups. Cardiac
index increased progressively and identically in both treatment
groups over the study period (p <0.01). These data refute the
existence of myocardial depression during postburn resuscitation
. and document hypercontractile left ventricular performance. The
4 addition of colloid to crystalloid resuscitation fluids produces
3 no long lasting bhenefit on total bhody blood flow and promotes
accumulation of lung water when edema is being reabsorbed from the
burn wound.




THE CARDIOPULMONARY RESPONSE TO THERMAL INJURY

IN BURNED SOLDIERS - RANDOMIZED TRIAL OF EFFICACY OF

CRYSTALLOID AND COLLOID RESUSCITATION OF HEMODYNAMIC
RESPONSE AND LUNG WATER FOLLOWING THERMAL INJURY

Thermal injury of sufficient duration and intensity causes
coagulation necrosis and cell death in the affected tissue. Loss
of capillary integrity leads to loss of isotonic fluid from the
intravascular space into the tissue surrounding the injury, and
in burns exceeding 25% of the total body surface, additional
plasma volume may be lost into the unburned tissue (1). Massive
edema may form in the burned tissue, and its severity depends on
both the extent and depth of injury and on the volume of
infusate. With the loss of intravascular volume, cardiac output,
blood pressure and urinary output fall, and if the intravascular
volume deficits are of sufficient magnitude and are not replaceqd,
acidosis and hypovolemic shock ensue. The loss of plasma volume
is too rapid and too massive in patients with extensive burns to
allow effective restoration of the intravascular volume deficit
by the translocation of fluid from the interstitial and intra-
cellular compartments.

With adequate fluid resuscitation, the fall ia plasma volume
and total .oody blood flow can be limited. Although cardiac
output is usually vrestored to near normal levels during the
latter half of the first 24 hours postburn, nlasma volume is not
restored to normal levels until the end of the second postburn
day (2). While the net plasma volume deficit is dependent upon
the amount of infused resuscitation fluid, the rate of plasma
volume loss into the surrounding tissue is not affected by fluid
restoration during the first 18 to 24 hours following injury.
Subsequently, capillary integrity returnus to normal, fluid
infusion effectively restores intravascular volume, and cardiac
output rises to supranormal levels typical of the early
postinjury hypermetaholic response (3). The rate of fluid
infusion is Adictated by the patient's physiologic response to
resuscitation. Animal studies of organ hlood flow distribution

1. Arturson G. Pathophysiological aspects of the burn
syndrome. Acta Chir Scand 274:1-135, 1961

2. Pruitt BA, Mason AD Jr, Moncrief JA. Hemodynamic change
in the early postburn patient: the influence of fluid administra-
tion and of a vasodilator (Hydralazine). J Trauma 1l1:36-46, 1971

3. Pruitt BA Jr. Advances in fluid therapy and the early
care of the burn patient. Worid J Surg 1:139-150, 1978
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indicate that the kidney is the most poorly perfused organ
following thermal injury (4). By implication, when renal
function is adequate, other vital organs usually are being
perfused satisfactorily, and urinary output is the most reliable
and readily accessible index of effective resuscitation.

Before the realization that severe thermal injury was
associated with massive loss of isotonic fluid into the injured
tissues, a syndrome of "burn shock" was described, in which
thermally injured patients failed to respond to the then
customarily administered quantities of fluid (5). Subsequently,
the effectiveness of massive quantities of balanced electrolyte
solutions in replacing not only the intravascular volume deficit
but also that of the entire functional extracellular space was
demonstrated (6), and the use of such volume replacement has
virtually eliminated renal failure and cardiovascular collapse
as a cause of early postburn death. The failure of cardiac
output to return rapidly to normal following infusion of fluid
volumes estimated to be necessary for adequate resuscitation has
been ascribed to the presence of a circulating myocardial
depressant factor (6,7). Myocardial depression also has bheen
postulated to explain the inability of Fluid infusions to
reestablish organ perfusion in certain categories of hurned
patients, especially those at either extreme of age (8).
However, the existence of such a myocardial depressant factor has
been proposed on the basis of decreased cardiac output, and this
hemodynamic variable does not directly indicate myocardial
performance. Direct measurement of left ventricular myocardial
contractility during the immediate postburn period has not been
reported.

The lung participates in the pathophysiological alterations
associated with large plasma volume losses and administration of
large resuscitation volumes following thermal injury. 1In the

4. Asch MJ, Mason AD Jr, Pruitt BA Jr. Regional blood flow
in the burned unanesthetized dog. Surg Forum 22:55-56, 1971

5. Blalock A. Experimental shock VIIL. The importance of
the local loss of fluid in the production of the low blood
pressure after burn. Arch Surg 22:610-616, 1931

6. Baxter CR, Shires T. Physiological ressponse to
crystalloid resuscitation of severe burns. Ann NY Acad Sci 150:
874-894, 1968

7. Baxtar CR. Fluid volume and electrolyte changes of the
early postburn period. Clin Plast Surg 1:693-709, 1974

8., Shoemaker W, Vliadeck BC, Bassin R, Printen ¥, et al.
Buru pathophysiology in man. 1. Sequential hemodynamic
alterations. J Surg Res 14:64-73, 1973
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absence of inhalation injury, successful resuscitation commonly
restores systemic and pulmonary hemodynamic indices to normal
with no subsequent pulmonary complications. The pulmonary
response to thermal injury in humans is less well described.
Inhalation injury accentuates fluid requirements during resus-
citation and predisposes to the development of acute pulmonary
edema during the first postburn week (9). Early pulmonary edema
may also occur in patients with no coexisting inhalation injury
or preexisting cardiovascular disease when edema in the burn
wound is being rapidly mobilized during the fourth to the eighth
posthurn days.

The formulas commonly used to estimate the resuscitation
fluid needs of burned patients vary widely in terms of both the
volume and composition of the fluids recommended. The majority
of patients show a satisfactory clinical response to resuscita-
tion no matter which formula is used to predict fluid require-
ments. This observation is a reflection of the physiologic
tolerance of the patients treated, since the volume dosage and
salt dosage of the various formulas for the first 24 hours post-
burn alone differ by more than twofold. Although virtually all
formulas provide for administration of colloid-containing fluids
in the second 24 hours posthurn, the recommended colloid-
containing fluid for the initial 24 hours postburn ranges from a
volume equal to that of electrolyte-containing fluid administered
to no colloid-containing fluid at all. As in the case of resus-
citation of other trauma patients, controversy exists over
whether colloid-containing fluids are necessary, desirable, or
even deleterious. Proponents of colloid-containing fluid as a
part of initial postburn resuscitation have claimed that inclu-
sion of such solutions reduces the volume of fluid required for
resuscitation, maintains urinary output at a highe: level than
with an equal volume of crystalloid fluid, supports cardiac out-
put, and minimizes loss of fluid into the pulmonary interstitium
and other tissues. Conversely, many feel that the immediate post- :
burn increase in capillary permeability permits leakage of blood- ‘
borne colloid and that colloid-containing fluid is retained within
the circulation to no greater extent than an equal volume of non-
colloid electrolyte solution in the immediate postburn period (10)
That school also considers that colloid-containing fluid has
little, if any, effect on cardiac output above that of an equal
volume of electrolyte-containing fluid, has no specific beneficial

9. Morgan A, Knight D, O'Connor N. Lung water changes after
thermal hurns. Ann Surg 187:289-293, 1978

10. Moylan JA, Mason AD Jr, Rogers PW, Walker HL: Postburn
shock: a critical evaluation of resuscitation. J Trauma
13:354-358, 1973
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effect in terms of change in lung water volume, and in fact, may
be deleterious when given in large amounts (11).

To compare the effect of resuscitation solution composition
on myocardial performance and lung water following thermal ]
injury, we studied 79 patients who were randomized to receive
crystalloid or colloid-containing resuscitation solutions. Our
results indicate that the addition of colloid to crystalloid
solutions produces no important hemodynamic benefits and is
associated with increased accumulation of lung water after the
immediate resuscitation. In neither treatment group was any
evidence of myocardial depression documented, and in fact, the
myocardium was hypercontractile within 12 hours of injury.

MATERIAL AND METHODS

Patient Sample

Seventy-nine tiiermally injured patients were serially
studied after obtaining informed consent for participation in
research protocols approved by institutional review (Table 1).
Control of resuscitation was obtained within four hours of
injury, and all patients were admitted within twelve hours of
injury. Patients were assigned by a random numbers table to
receive either crystalloid or colloid resuscitation. Patients
in the crystalloid arm were given lactated Ringer's solution and
those in the colloid arm were given 2.5 albumin-lactated
Ringer's solution. During the first 24 hours, fluid was
administered at a rate sufficient to stabilize vital signs and
to produce a urinary output of 30 to 50 ml/hr. Resuscitation
requirements for each treatment group are indicated in Table 1.
Plasma volume was replaced on the second postburn day by colloid
equivalent to plasma in a dosage of 0.3 to 0.5 mi/kg body
weight/% body surface burn. Following the initial 24 hour
resuscitation phase, 5% dextrose in water was administered at a
rate which allowed each patient's weight to return to preburn
levels by postburn day 7 to 10 and which maintained serum sodium
and osmolal concentrations in the normal range. No patients had
evidence of inhalation injury or other pulmonary disease based on
clinical evaluation and on normal fiberoptic bronchoscopy,

xenon ventilation-perfusion lung scan, chest roentgenogram,

11. Goodwin CW, Long JW, Mason AD, Pruitt BA. Paradoxical
effect of hyperoncotic ‘lbumin in acute burned children. J
Trauma 21: 63-65, 1981
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and arterial blood gases. None of the patients demonstrated
microbiological or clinical evidence of pulmonary infection
during the seven days of the studies. The patients were studied
in two consecutive phases. Echocardiographic indices of myocar-
dial performance were measured in the first 29 patients, and
serial changes in lung water following resuscitation were deter-
mined in the next 50 patients.

Echocardiography Protocol

Myocardial performance was determined in three designated
resuscitation time periods: initial posthurn period (0-12 hours),
middle postburn period (12-24 hours), and late postburn period
(24-48 hours). M-mode echocardiograms were recorded by an
Fkoline 20 Ultrasonoscope (Smith Kline Instruments) and a
2.25-MHz focused transducer (Model C-11A). The analogue signals
were recorded by a rapid response ultraviolet photographic
recorder (Model 1858, Honeywell Instruments). Patients were
examined in the supine position, and reproducible comparisons
were insured by the consistent placement of the transducer using
intracardiac landmarks and assuring transducer orientatioa to
specific cardiac structures (12). £End diastole was defined by
the R-wave of the electrocardiogram QRS complex and end systole
by the smallest septal-posterior wall endocardial distance.
Echocardiograms were digitized on a mini-computer (Model 9830,
Hewlett Packard, Inc.), and left ventricular dimensions were then
averaged over five beats and used to calculate indices of myocar-
dial performance by standard formulas (13). The measurements of
left ventricular size and function by M-mode echocardiography
correlate very highly with those of cineangiography (14).
Thermodilution cardiac output measurements using iced 5% dextrose
solution were calculated from the mean of three consecutive
measurements. Normal values for echocardiographic indices and
cardiac output were obtained courtesy of the Brooke Army Medical
Center Cardiac Catheterization and Noninvasive Laboratories.

12. Popp RL, Filly K, Brown OR, Harrison DC. Effect of
transducer placement on echocardiographic measurements of left
ventricular dimensions. Am J Card 35:537-540, 1975

13. Teichholz LE, Kreulen T, Herman MV, Gorlin R. Probleus
in echocardiographic volume determination: echocardiographic-
angiographic correlations in the presence or absence of asynergy.
Am J Card 37:7-11, 1976

14. Abdulla AM, Frank MJ, Canedo MI, Stefadouros MA.
Limitations of echocardiography in the assessment of left ventri-
cular size and function in aortic regurgitation. Circ
61:148-155, 1980
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Lung Water Protocol

Lung water and cardiac output were measured every twelve
hours (0600 and 1800 hours) for the first three postburn days and
once daily (0600 hours) on postburn days five and seven. Extra-
vascular lung water and cardiac output were determined by a
standard rebreathing method utilizing two gases of differing
solubility. Lung tissue volume measured by this method has been
known to reflect with high reliability changes in lung water
content in both animals and human subjects with normal and
edematous lungs (15-19). After several minutes of quiet
breathing to become accustomed to the mouthpiece and noseclip,
the patient exhaled to residual volume and began breathing into a
reservoir bag containing 1.5% dimethyl ether (soluble gas), 7%
helium (insoluble gas), 30% oxygen, and balance nitrogen. Six to
eight maximal rebreathing maneuvers were carried out for 15 to 20
seconds. The concentrations of each test gas were measured by a
time of flight medical mass spectrometer (MGA 1100A, Perkin Elmer
Corp.). Changes in reservoir bag volume were measured with a
previously calibrated data acquisition dry spirometer (Model 843,
Ohio Instrument Company). A fiberoptic photographic recorder
(Model 1358, Honeywell, Inc.) with a frequency response of 5000
Hz recorded the electrical output of the helium, dimethyl ether,
and bag volume signals. The signal tracings and calibration
standards were digitized off-1ine from the photographic paper by
a mini-cowmputer (HP 9830), which corrected the raw data for time
of passage of gases through the sampling system, for gas con-
sumption by the mass spectrometer (60 ml/min), and for anatomic
and apparatus dead space in the first end expiratory volume cycle.

15. Petrini MF, Peterson BT, Hyde RW. Lung tissue volume
and blood flow by rebreathing: theory. J Appl Physiol
44:795-802, 1978

16. Peterson BT, Petrini MF, llyde RW, Schreiner BF.
Puimonary tissue volume in dogs Auring pulmonary edema. J Appl
Physiol 44:782-795, 1978

17. Overland ES, Ravinder NG, Huchon GJ, Murray JF.
Measurement of pulmonary tissue volume and blood flow in persons
with normal and edematous lungs. J Appl Physiol 51:1375-1383,
1981

18. Friedman M, Kaufman SH, Wilkins SA. Analysis of
rebreathing measurements of pulmonary tissue volume in pulmonary
edema. J Appl Physiol 48:66-71, 1980

19. Farney RJ, Morris AH, Gardner RM, Armstrong JD Jr.
Rebreathing pulmonary capillary and tissue volume in normals
after saline infusion. J Appl Physiol 43:246-253, 1977




The disappearance of the soluble gas was plotted on semilog-
arithmic paper so that its slope (pulmonary capillary blood fiow)
and its time zero intercept (tissue volume) could be calculated.
k. To detect tracer gas recirculation, indicated by a decrease in

, the logarithmic washout slope, serial least sguares lines were
calculated through at least three of the first six rebreathing
points and the time zero intercept. The line yielding the bhest
i squared correlation coefficient was chosen for subsequent
- calculations. All measurements were made in duplicate, and
=4 intervals of at least five minutes between each study were

% observed to allow exhalation of any soluble gas that may have
:, accumulated in the body. In order to compare measurements among
YT individuals of different sizes, lung water is expressed as

e milliliters per milliliter of alveolar volume for each patient.
3 The normal range in this laboratory is 0.110 to 0.120 ml/ml
alveolar volume. In the absence of significant pulmonary
shunting, pulmonary capillary blood flow is identical to cardiac
output. Thermodilution cardiac outputs were measured in
conjunction with the rebreathing measurements in selected
patients.

Statistical Analyses

Data describing patient characteristics are reported as mean
. + SD, while experimentally derived data are reported as mean
g *+ SEM. A one-way analysis of variance was used to examine serial
- changes of physiologic indices within each treatment group with
A time. A two-way analysis of variance was used to detect
. treatment differences between the crystalloid and colloid groups.
- When physiologic indices of the treatment groups were compared to
the reported values for the normal subjects, statistical
difference was assessed with a one-tailed test utilizing the
! t-distribution (20). Statistical differences with p <0.05 were
: accepted as significant.

RESULTS

Echocardiographic Protocol

Echocardiographic measurements of myocardial performance
‘ were carried out in 29 patients who were randomized to two
; treatment arms: 15 received colloid-containing fluid and 14
{ received crystalloid-containing fiuid. The mean ages and area of
j total body surface burn were 27 + 10 years and 58 + 20% for the
! colloid arm and 29 + 12 years and 55 + 21% for the patients in the

20. Rosner B. Fundamentals of Biostatistics. Boston:
Duxbury Press, 1982, pp 175-183
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crystalloid arm. The colloid treated patients received 3.12 +
0.93 ml/kg body welght/% body surface burn during the first 24
hours following injury, while the crystalloid treated patients
received 3.94 + 2.24 ml/kg body weight/% burn. In contrast to
the combined data for both protocols (Table 1), the difference in
resuscitation requirements between these two treatment groups was
not statistically significant because of the large variability of
the fluid volume administered to the crystalloid group. Urinary
output of the colloid treated patients was higher than that of
the crystalloid treated patients (65 #+ 30 ml/hr vs 51 + 22
ml/hr); however, that difference between the two treatment groups
?emonstrates only a trend toward statistical significance
p=0.08).

Left ventricular ejection indices were measured in three
consecutive time intervals. Ejection fractions were normal
throughout the entire study (Fig. 1). Ejection fractions of the
colloid group for each defined study interval are: 0.78 + 0.02,
0.74 + 0.01, and 0.75 + 0.02. Corresponding values for the
crystalloid group are: 0.79 + 0.02, 0.75 + 0.02, and 0.75 + 0.02.
The normal echocardlographlc ejection fraction is 0.74 + 0.02.
No statistical differences were evident between treatment groups,
across time, or between patient groups and the normal population.
The mean rate of internal circumferential fiber shortening (Vg¢)
was in the hypercontractile range in hoth treatment groups (Fig.
2). 1In the colloid treated patlents, Veog was 1.59 + 0.16 in the
0-12 hour interval, 1.86 + 0.11 in the 12-24 hour interval, and
1.64 + 0.14 in the 24-48 hour interval. Vgg¢ in the crystalloid
group was 1.72 + 0.08 in the 0-12 hour interval, 1.68 + 0.10 in
the 12-24 interval and 1.70 + 0.09 in the 24-48 hour interval.
Normal Vog is 1.22 + 0.06 circumference/second (circ/sec).

Veg in each treatment group at all time intervals was statisti-
cally similar. However, all values for Vo¢ in both treatment
groups are increased above normal (p <0.05).

The serial changes in cardiac indices and left ventricular
volume during the first 48 postburn hours are listed in Table 2.
Patients in the crystalloid treated group had a significantly
lower cardiac index in the 12-24 hour period when compared to the
colloid treated patients (p <0.01). This decrease in cardiac
index was documented by both echocardiographic determinations and
thermodilution techniques. However, by 48 hours postburn, this
difference had disappeared, and the cardiac indices in both
treatment groups had risen significantly above those determined
shortly following admission (p <0.05). End diastolic volume
indlex and stroke index in both treatment groups were below normal
values in the first study period (p <0.05), indicating an early
intravascular volume deficit. 1In contrast to colloid treated
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patients, whose indices returned to normal, end disastolic

volume index and stroke index in the crystalloid treated patieuts
remained significantly depressed in the 12-24 hour study interval
(p <0.01). These volume indices were obtained simultaneously
with the cardiac index measurements and indicate decreased
intravascular volume in this time period. However, by 48 hours,
these differences hetween treatment groups had disappeared.
Although end diastolic volume index and stroke index in both
treatment groups at this time did not differ significantly from
predicted normal values, they were slightly depressed, with no
evidence of fluid overload.

Lung Water Protocol

In the second phase of this study, 50 patients were
randomized consecutively into two treatment groups of 25
patients each to receive either colloid or crystalloid filuid for
resuscitation. The patients' mean age was 29 + 8 years in the
colloid group and 27 + 9 years in the crystalloid group, while
their burn sizes were 50 + 20% and 43 + 12% of the body surface,
respectively. Neither characteristic is significantly different
hetween treatment groups. The crystalloid treated patients
received significantly more fluid (3.74 + 1.28 ml/kg body
weight/% burn) than did the colloid treated patients (2.89 %+ 1.27
ml/kg body weight/%$ burn, p <0.01). By the end of the seven day
study, five patients ir the colloid treated group demonstrated
roentgenographic evidence of pulwmonary edema, as did one patient
in the crystalloid treated group. TEleven paients receiving
colloid resuscitation died later during their hospital courses,
while three patients treated with crystalloid resuscitation
eventually died.

The serial changes in lung water and cardiac index over the
seven day study period are outlined in Table 3 (Fig. 3). Lung
water in the colloid treated patients increased significantly
during the first postburn week (p <0.0001). 1In contrast, lung
water in the crystalloid treated patients did not change
significantly during the seven day study (p >0.10). Measured
lung water differed significantly between treatment groups
(p <0.001). The effect of resuscitation fluid composition is
further Ademonstrated when lung water is evaluated as a linear
function of time postburn by the regression equations LW(COLL) =
0.116 + 0.009 PBD, r2 = 0.87, and LW(CRYS) = 0.128 + 0.003 PBD,
r2 = 0.43 (Fig. 4).

Cardiac indices increased significantly during the seven
day period of study (p <0.01). At no point during this study
were significant differences in cardiac index found between
treatment groups.
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DISCUSSION

All of the patients reported in these studies were in the
young adult age group and none had clinical evidence or a history
of heart disease. Coexisting inhalation injury was excluded on
the basis of diagnostic criteria having an accuracy of 96% (21).
In both of these protocols, resuscitation fluid for the first 24
hours consisted of either lactated Ringer's solution or lactated
Ringer's solution containing 2.5% albumin (2.5 gm/dl). Volume
requirements were estimated as 2 ml/kg body weight/% burn and the
actual infusion rate was adjusted to maintain urinary output at
30 to 50 ml/hr. The colloid treated patients in the overall
series required significantly less fluid than did the crystalloid
treated patients. This difference did not approach statistical
significance in the smaller group of patients evaluated by the
echocardiography protocol, in part because the patients receiving
colloid-containing solutions were administered fluid at a rate
which exceeded the above mentioned quidelines to resuscitation
(65 mi/hr for colloid patients and 51 ml/hr for crystalloid
patients).

Noninvasive M-mode echocardiographic assessment of cardiac
function revealed that cardiac index in the crystalloid group was
significantly lower than that of the colloid group, 2.75
L/min/m2 vs 4.6 L/min m2, in the 12-24 postburn hour interval.
Cardiac index in the fcrmer group was 81% of predicted normal and
was not associated with any clinical evidence of inadequate vital
organ function. Cardiac index in the group receiving colloid-
containing fluids was 137% of predicted normal, and it is not at
all certain that a supranormal cardiac output is of any
physiologic benefit during postburn resuscitation. Thermodilution
cardiac indices were systematically lower but paralleled those
determined by echocardiography in all the periods. Both methods
confirm that colloid-containing solutions more rapidly restore
depressed cardiac output than do crystalloid-containing
solutions. However, by the end of the second postburn day,
when plasma deficits have been repleted, cardiac indices have
returned to high normal levels in bhoth groups.

Assessment of myocardial contractility in the two groups
revealed that ejection fraction was identical in both groups at
all time periods and did not vary significantly from predicted

21. Agee RN, Long JM III, Hunt JL, Petroff TA, et al. Use
of 133xenon in early diagnosis of inhalation injury. J Trauma
16:218-224, 1976
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normal. The mean rate of left ventricular internal fiber
shortening (Vog) showed no depression in either group at any
measurement time in the first two postburn days. No decrease

in V.¢ was observed even in the group receiving only crystalloid
resuscitation in the 12-24 hour postburn interval, when cardiac
index was depressed. In fact, Vof was supranormal at all times
in both groups, indicating a hyperdynamic, not a depressed,
myocardium. Such a physiologic state might well be anticipated
in light of the early postburn outpouring of catecholamines (22).

Measurement of left ventricular end diastolic volume index
and stroke index revealed similar depressions below predicted
normal values in both groups during the first 12 postburn hours
and in the crystalloid group in the 12-24 hour interval. These
findings implicate an intravascular volume deficit as the cause
of the decreased cardiac index noted in the crystalloid group
and, when interpreted in conjunction with the measurements of
left ventricular ejection fraction and V. ¢, provide convincing
evidence against the presence of a circulating myocardial
depressant factor. During the 24-48 hour postburn interval,
these left ventricular volume indices had returned to essentially
normal levels in both groups. Colloid resuscitation appears to
be associated with earlier intravascular volume restitution
compatible with increased intravascular retention of colloid as
compared to crystalloid during the latter half of the first
postburn day, suggesting a restoration of functional capillary
integrity at this time.

In the studies of lung water, the colloid treated and
crystalloid treated patients had burns of similar extent, but
the former group required significantly less fluid to achieve
clinically adequate resuscitation. Hourly urinary output was
adequate in both groups. As in the earlier study group, cardiac
output was higher in the colloid treatment group at both 12 and
24 hours postburn, but this difference was statistically
insignificant. Cardiac output in the two groups was statistically
indifferent to resuscitation fluid composition across the entire
duration of the study. The discrepancy in cardiac output hetween
the two phases of this overall study may be explained hy the
larger volume of colloid administered to the patients in the
echocardiographic study, which produced the supranormal cardiac
outputs observed in those patients during the 12 to 24 hour
postbhurn interval.

22. Birke G, Duner 4, Liljedahl SO, Pernow B, et al.
Histamine, catecholamines and adrenocortical steroids in burns.
Acta Chir Scand 114:87-98, 1958
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: Using a noninvasive rebreathing technique, measured lung

R water was found to be influenced by composition of resuscitation

4 solutions. While lung water content in colloid treated patients

increased significantly during the seven day study, lung water

in patients receiving only crystalloid fluids remained unchanged :

X during that study interval. The differential effect of treatment {

on each group was statistically significant. Both groups ;

. displayed qualitatively similar responses in lung water following
b thermal injury. During the initial 36 hours following injury,

: lung water in both groups tended to decrease. At that point,

lung water in the crystalloid treated group returned to levels

_ found immediately after injury. Patients receiving colloid-

+3 containing fluids demonstrated a progressive rise in lung water

' beginning at the end of the second postburn day and continuing

until the end of the study, greatly exceeding the original

admission values. This phase corresponds clinically to the

- reabsorption of burn wound edema which occurs following

s, resuscitation.

A
k>

: The validity of the rebreathing method for estimating lung
= water requires a brief examination. The volume in which the
soluble tracer gas distributes during rebreathing measures lung
tissue volume, not water volume. However, since water comprises
over 80 percent of the lung tissue volume, the tissue volume
measurements reflect primarily lung water content (23).
Moreover, the solid structures of the lung can reasonably be
| assumed to remain constant during the time of the study, and any !
change in lung tissue volume represents a change in lung water
‘ content. Since lung size is variable even in patients of the
same height and weight, measured lung water was normalized by
each patient's simultaneously measured alveolar volume. If
anything, this approach may lead to underestimation of lung
water, especially in those patients developing clinically
significant pulmonary edema, since the tracer gas will not enter
nonventilating portions of the edematous lung. We attempted to
avoid patients likely to develop pulmonary edema during the first
postburn week, but a few patients developed radiologic evidence
of interstitial edema. Since this complication occurred
primarily in colloid treated patients, their progressive increase
in lung water may be underestimated.

23, Cander |, Forster RE. Determination of pulmonary
parenchymal tissue volume and pulmonary capillary blood flow in
man. J Appl Physiol 14:541-551, 1959

‘
§
1
'
.
g

51




Chew b e & -

e

The goals of fluid resuscitation are the restoration of
vital organ function and establishment of hemodynamic stability
at the least physiologic cost. 1In thermal injury, as in most
situations of severe nonhemorrhagic fluid depletion, major
deficits of the interstitial and intracellular compartments
coexist with the more clinically obvious intravascular volume
depletion (24). While colloid solutions primarily replace
intravascular deficits, crystalloid solutions will rapidly and
more completely replenish all compartments. Early studies of
burn injury demonstrated that colloid-containing solutions
administered to animal models more rapidly restored cardiac
output to normal than did crystalloid solutions when administered
on an equal volume basis (25). However, both types of solutions
produced identical effects on vital signs, pulmonary and systemic
vascular resistance, arterial bood gases, plasma lactate, and
lung histology. When indices of adequate intravascular fluid
volume, such as venous filling pressure or urinary output, serve
as guidelines for fluid administration, colloid and crystalloid
solutions appear to be equally effective in restoring cardiac
output and hemodynamic stability (26,27). To achieve comparable
hemodynamic effects, larger volumes of crystalloid solution must
be administered, usually between 2 to 4 times the equivalent
volume of colloid solutions. As a result, natients resuscitated
with crystalloid solutions gain more weight, develop more
peripheral edema, and have a lower plasma oncotic pressure than
do similar patients resuscitated with colloid-containing
solutions.

In an animal model, Moylan found that sodium and fluid
volume doses exert independent effects on the early postburn
restoration of cardiac output, with one mEq of sodium exerting
the same hemodynamic effect as approximately 13 ml of salt-free
fluid volume (10). 1In that study, restoration of cardiac output
was little influenced by inclusion of colloid in the
resuscitation regimen. In our patients, colloid solutions failed
to demonstrate any clinical advantage over crystalloid solutions

24. Shires T, Colin D, Carrico J, Lightfoot S. Fluid
therapy in hemorrhagic shock. Arch Surg 88:688-693, 1964

25. Asch MJ, Feldman RJ, Walker HL, Foley FD, et al.
Systemic and pulmonary hemodynamic changes accompanying thermal
injury. Ann Surg 178:218-221, 1973

26. Siegel DC, Cochin A, Geocaris T, Moss GS. Effects of
saline and colloid resuscitation on renal function. Ann Survrg
177:51=-57, 1972

27, Virgilio RW, Rice CL, Smith DE, James DR, et al.
Crystalloid vs colloid resuscitation: Is one better? Surg 85:
129-139, 1979

52

e BRI . - St e e W1 s £ 413 AW A A7 o = g et 2D a0




when resuscitation was guided by standard clinical indices, such
as blood pressure, pulse rate, and hourly urinary output.
Pulmonary capillary wedge pressure in our patients was charac-
teristically below five torr during resuscitation and remained
below 10 to 12 torr for the remainder of the postburn week. Any
attempt to guide fluid infusion rate during resuscitation by
elevating pulmonary capillary wedge pressure or cardiac output
into the normal range, particularly with crystalloid patients,
caused marked increase in urinary output and did not further
improve other vital signs. Weight gain and peripheral edema did
not indicate overexpansion of the intravascular volume or
compromise of organ function.

Thermal injury is associated with significant alterations in
pulmonary microvascular dynamics (28,29). 1In both clinical and
laboratory studies, elevation of pulmonary artery pressure and
pulmonary vascular resistance have been measured within the first
12 hours postburn (30). Some investigators have related these
changes in patients to the effect of fluid resuscitation and have
considered pulmonary systolic arterial pressure to correlate with
interstitial pulmonary fluid (31). Others have considered the
changes to reflect acute lung injury, particularly inhalation
injury. In our study patients, neither resuscitation regimen was
associated with elevated pulmonary artery pressure above the
normal range, suggesting that neither regimen produced pulmonary
edema during resuscitation and that screening for inhalation
injury in these patients was effective. The measurements of lung
water in the first two days postburn confirms in both treatment
groups the absence of pulmonary edema.

The relationship hetween changes in pulmonary artery
pressure and vascular resistance and changes in lung water
appears to be dependent upon the primary site of flow resistance.

28. Demling RH, Will JA, Belzer FO. Effect of major
thermal injury on the pulmonary microcirculation. Surg 83:
746-751, 1978

29. Harms BVA, Bodai BI, Kramer GC, Demling RH. Micro-
vascular fluid and protein flux in pulmonary and systemic circu-
lations after thermal injury. Microvasc Res 23:77-86, 1982

30. Martyn JAJ, Snider MT, Szyfelbein SK, Burke JF. Right
ventricular dysfunction in acute thermal injury. Ann Surg 191:
330-335, 1980

31. German JC, Allyn PA, Bartlett RH. Pulmonary artery
pressure monitoring in acute burn management. Arch Surg 106:
788-791, 1973
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If the increase is precapillary, as would be consistent with the
measurements of cardiac output and pulmonary capillary wedge
pressure in our studies and those of others, one would not
anticipate an increase in lung water. If the site of the
increased resistance is at the capillary or postcapillary level,
as would occur with left ventricular failure or direct capillary
injury, one would expect an increase in lung water. The rarity
of pulmonary edema in burn patients during resuscitation suggests
that the increase in pulmonary vascular resistance resides at a
precapillary site. The similarity in lung water changes during
the first 48 postburn hours in the two treatment groups reflects
the similarity of changes of pulmonary hemodynamic indices in
both groups and speaks against a specific effect of colloid on
transcapillary movement of fluid in the lung following cutaneous
thermal injury. Since protein sieving by the pulmonary micro-
vasculature appears to remain normal during postburn resusci-
tation (29), the infusion of colloid at this time appears to
protect intravascular volume and to inhibhit fluid loss into the
pulmonary interstitium. This hypothesis is supported by the
slight fall in measured lung water in both treatment groups
during the first 36 hours following burn injury.

The fall of plasma oncotic pressure in burn patients
following massive crystalloid resuscitation is not associated
with an increase in pulmonary extravascular lung water (32,33).
In animal models of other hypovolemic states, infusion of
colloid=-containing fluid has been associated with a greater
increase in lung water than occurred with infusion of crystalloid
fluid (34,35). Albumin is widely distributed throughout the

32. Tranbaugh RF, Lewis FR, Christensen JM, Elings WB.
Lung water changes after thermal injury: the effects of
crystalloid resuscitation and sepsis. Ann Surg 192:479-488,
1980

33. Lam V, Goodwin CW Jr, Treat RC, Martin DL, Mason AD Jr,
Pruitt BA Jr. Does pulmonary extravascular water vary with
colloid oncotic pressure after burn injury. Am Rev Respir Dis
119:139, 1979

34. Schloerb PR, Hunt PT, Plummer JA, Cage GK. Pulmonary
edema after replacement of blood loss by electrolyte solutions.
Surg Gynecol Obstet 135:893-896, 1972

35. Holcroft JW, Trunkey DB. Extravascular lung water
following hemorrhagic shock in the bahoon: comparison between
resuscitation with Ringer's lactate and plasmanate. Ann Surg
180:408-417, 1974
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body, with two~thirds located in extravascular sites. 1Injected
albumin is distributed across the capillary membrane according to
biphasic kinetics, characterized by a fast exchange rate and by a
much slower exchange rate (36,37). Albumin infused during
resuscitation will thus equilibrate across the pulmonary
capillary, even if protein sieving is unaffected by burn injury.
The extracellular albumin present in the lung following resusci-
tation will promote subsequent fluid retention within the lung
interstitium. Since this occurs at the time of rapid mobiliza-
tion of burn wound edema fluid, the albumin may exert a subtrac-
tion effect on the intravascular fluid volume (ll1). This
hypothesis is supported by the significantly greater lung water
measured in the colloid treated group at seven days. Clinical
observations are consistent with this concept: five of the
colloid treated patients showed roentgenographic changes con-
sistent with early pulmonary edema by the seventh postburn day,
while only one crystalloid treated patient demonstrated this
complication.

We used colloid solutions containing 2.5% albumin, and the
average patient in the colloid treatment group received 300 to
350 grams of albumin during the first 24 hours following burn
injury. This colloid concentration is similar to the albumin
concentration recommended in the Evans formula (38). In studies
assessing the effect of varying doses of colloid on resuscitation
and survival following hypovolemic shock, 2 gm/kg body weight of
albumin produced the optimal beneficial effect (39). Six percent
colloid solutions were no more effective than 3.5% solutions.
Patients in our colloid group received approximately 4 gm/Xg body
weight of albumin during resuscitation. Since this dosage was
more than twice that of previously Ademonstrated effective levels,
we did not evaluate resuscitation solutions with even higher con=-
centrations of colloid. Based on our current findings, it is

36. Berson SA, Yalow RS, Schreiber S$S, Post J. Tracer
experiments with 11-131 labeled human serum albumin: distribution
and degradation studies. J Clin Invest 32:746-768, 1953

37. Rothschild MA, Bauman A, Yalow RS, Berson SA. Tissue
distribution of I!3l labeled human serum albumin following intra-
venous administration. J Clin Invest 34:1354-1358, 1955

38. Evans EI, Purnell 0J, Robinett PW, Batchelor A, et al.
Fluid and electrolyte requirements in severe burns. Ann Surg
135:804-817, 1952

39, Dawidson I, Eriksson B, Gelin UL-E, Soderberg R.
Oxygen consumption and recovery from surgical shock in rats: a
comparison of the efficacy of different plasma substitutes.

Crit Care Med 7:460-465, 1979
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entirely possible that the use of higher concentrations of
albumin may lead to even more pronounced changes in lung water.
Although the number of patients in each treatment group is
insufficient for statistical analysis at this time, the raw
mortality data suggests that the addition of colloid to
crystalloid resuscitation solutions may have later deleterious
effects. When utilized according to the above described
resuscitation guidelines, crystalloid solutions appear to be the
preferred fluid for the treatment of acutely burned patients.

PRESENTATIONS

Goodwin CW: Randomized trial of efficacy of crystalloid and
colloid resuscitation on hemodynamic response and lung water
following thermal injection. To be presented at 1982 Southern
Surgical Association Meeting, Palm Beach, Florida,

6 December 1982.
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Table 1.

Patient Characteristics

Colloiqd

Crystalloid

Patients
Age (years)
TBSB (%)

Resuscitation
(ml/kxg/% burn)

40
28+7
53+17

2.98
+1.10

39
28+8
48+12

3.81%
+ 1.48

———

mean + SD: *p<0.01; TBSB - total body surface burn
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Table 2. Left Ventricular Vclumes During Postburn Resuscitation

Time Thermodilution ECHO
Period (hr) Treatment CI CI EDVI SI

0-12 Colloid 3.18 + .25 3.05 + .43 42 + 6 32 + 5
! Crystalloid  2.59 + .16 3.11 + .21 43 + 3 34 + 2
P 12-24 Colloid 3.97 + .22  4.67 + .27 56 +3 40 + 2
& Crystalloid  2.14 + .12% 2,75 + .25% 36 + 4* 27 + 2*
. 24-48 Colloid 4.17 + .62 4.42 + .13 52 + 3 39 + 2

' Crystalloid 3.74 + .45 4.03 + .40 51 + 4 37 + 3

Mean + SEM: *p<0.0l colloid vs crystalloid; CI - cardiac index;
EDVI - end diastolic volume index; 5I - stroke index; normal:

thermodilution CI - 3.60 + .02 L/min/m2; ECHO CI = 3.40 + .04

L/min/m2; EDVI = 60 + 3 ml/m2; SI = 44 + 2 ml/cycle/m?

.
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Table 3.

Following Thermal Injury

Sequential Changes in Lung Water and Cardiac Index

Postburn Day

Treatment 0.5 1.0 1.5 2.0 2.5 3.0 5.0 7.0
Colloid .130 .125 .120 .123 .141 .145 .167 .173
Lung
+.007 +.005 +.005 +.006 +.009 +.009 +.011 +.015
Water
(ml/ml1)
Crystalloid .130 .123 .124 .138 .138 .140 .149 .137
+.005 +.004 +.006 +.007 +.C08 +.007 +.006 +.011
Colloid 2.23 2.83 2.41 2.48 2.86 3.60 4,12 5.59
Cardiac
+0.57 +0.32 +0.29 +0.33 +0.43 +0.33 +0.33 +0.49
Index
(L/min/m2) .
Crystalloid 2.16 2.42 2.29 2.60 2.90 3.64 4.41 4.99
+0.22 +40.14 +0.18 +0.22 +40.22 +0.28 +0.25 +0.40
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survival and function; the use of subeschar antibiotic clysis to prevent
and treat burn wound infection; and, the use of 5% aqueous Sulfamylon
soaks.

24. (1) Patients admitted to the U.3. Army Institute of 3Surgieal
Research for care following thermal, chemical or electric injury may
be, depending on the specifie injury, included in studies of thesc
newer modalities of care.

25. (J) 8110 - 8209. The 5% aqueous Sulfamylon soaks were utilized in
145 patients. Eight patients (5.5%) exhibited mild cutaneous atopy.
This continued low incidence of side effects coincident with the use of
5% aqueous Sulfamylon along with its apparent 2linical effectiveness
speaka for its continued use. Standard topical antimicrobial therapy

of the burn wound continues to be the sequential application of mafenide
acetate and silver sulfadiazine every 12 hours which maximizes the
spectrum of antibacterial effectiveness and minimizes the side effects

of the regpective agents. The inlications for burn wound excision con-
tinue to be sequential excision limited to 20% of the total bhody surface ;o
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e at any one procedure in patients with extensive burns; deep dermal

LY hand burns that will not heal within three weeks; removal of tissue
with documented wound infection; and debridement of retained non-viable
tissue.
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The use of 5% aqueous Sulfamylon dressings in the care of
the burn wound has continued to be an efficaclous treatment mo-
dality throughout this report periode A hundred and forty-six
patients were treated with 5% aqueous Sulfamylon dressings
employed either for final debridement of a wound or following
application of meshed cutaneous autograft to prevent desiccation
of tissue exposed in the interstices of such grafts. A 5.5%
incidence of skin rash (atopy) was noted as the only adverse
reaction. The clinical results achieved by the use of 5%
aqueous Sulfamylon solution support its continued use.

Burn injury

Topical therapy

5% Sulfamylon acetate solution
Humans

67




b a0 4

gy

cacim  ateh - e

[ETITR————ry o G e L

EVALUATION OF BURN WOUND CARE IN TROOPS WITH BURN INJURY: 5%
AQUEOUS SULFAMYLON SOAKS USED IN TOPICAL TREATMENT OF BURNED
SOLDIERS

During the reporting perfod of I October 1981 through
30 September 1982, evaluation of 5% Sulfamylon acetate solution
for topical treatment of the burn wound has continued at this
Institute and involved its use In 146 (68%) of the 215 patients
admitted to the U.S. Army Institute of Surglical Research. Duriang
this period 208 split thickness autograft procedures were per-
formed in 118 patients; 5% aqueous Sulfamylon soaked dressings
were used in conjunction with the skin autografting procedures
in 105 patients. The 5% Sulfamylon acetate soaked dressings are
used as wet to dry dressings to debride nonviable tissue elements
in preparation for split thickness autograft procedures or as
continuous wet dressings to protect freshly excised wounds that
are not autografted. In addition when meshed cutaneous
autografts are applied dressings are soaked with 5% Sulfamylon
acetate to decrease the rate of bacterial growth and to prevent
desiccation of tissue exposed in the interstices of such grafts.,

Eight patients (5.5%) demonstrated alle.gic reactions
(atopy) coilncident with the use of 5% aqueous Sulfamylon solution
and these eight patients demonstrated rapid resolution of the
atoplc reaction following administration of an antihistamine and/
or discontinuation of the 5% aqueous Sulfamylon soaked dressings.
Saline or other aqueous topical antimicroblial agents were sub-
stituted once 5% aqueous soaked Sulfamylon dressings were dis-
continued and no other adverse reactions were noted in this group
of patients.

The continued use of 57% aqueous Sulfamylon acetate dressings
has been efficaclious both in the preparation of the burn wound
for cutanenus autegrafting and {n the prevention of desiccation
of ungrafted granulation tissue. This efficacy and the low
fncidence of adverse side effects speak for continued use of this
solutinn,
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23. (J) To determine the hormonal abnormalities in burned soldiers.
24. (U) To measure hormonal concentrations after burn injury under
conditions in which other factors known to influence the hormones are
quantified or controlled and assess the physiologic effects of the
hormones.

25. () 8110 - 8209. The hypermetabolism of burn injury correlates
better with elevated resting plasma concentraticns of catecholamines
(best with norepinephrine) than with the elevated cortisol; it exists
despite sometimes low concentrations of thyroid hormones, including free
concentrations; and does not change with sufficient administration of

T4 to raise plasma T3 to high in the normal range. Thus, control of

. metabolism after major burns in humans bhecomes independent of the

| thyroid axis and is taken over by the sympathetic nervous system. Burn
! patients are prone to hyponatremia. Tow plasma tonicity was accom-

! panied by elevated ADH, and plasma ADH and urinary tonicity were lowered
. by further dilution of plasma. Low-normal BUN, normal blood pressure,
appreciable Nat excretion, and peripheral edema excluded gross volume

B depletion. Thus, the syndrome of inappropriate secretion of anti-

‘ diuretic hormone (3SIADH) occurs in burned soldiers, results from a

reset osmostat, and requires restriction of free water. A hamster model
for burns is being developed. After a burn of 24% body sarface, there
occurs a weight loss of 6% (regained by 18 days) and a low total plasma
T4 which lasts longer and includes suppressed free T4 at 14 days.
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Though pinealectomy did not prevent the weight loss or the low T4, the
pineal may be involved in the neuroendocrine response to burns, because
daytime (though not nighttime) pineal melatonin content is reduced in
hamsters with this relatively small burn size.
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Blinding resulted in gonadal and prostatic atrophy and reduced
plasma thyroxine (T,), free Tq index (FT, 1) and reverse triiodothyronine
(rT.,) levels in adult male hamsters houseé in fight-to-dark, 14:10 h.
Similar effects were seen after daily evening injections of 25 ng melatonin.
Pincalectomy prevented the effects of blinding or melatonin injections.
There were no pineal  or melatonin-induced decrements in T, or
thyrotrophin (TSH) concentrations. TSH was elevated by blinding in
one experiment but not in another, despite suppressicn of T, and FT |
in both. Orally administered melatonin (approximately 245 pg daily in
drinking water through the evening and night) reduced the weight of
testes and prostates and slightly lowered plasma T, and FT I, indicating
the etfectiveness of melatonin by this route. The capability of the pineal
and ot melatonin to suppress plasma T, is not a result of sex-steroid-
induced alteration of plasma binding but is most likely a result of variable
suppression of the pituitary-thyroid axis at the level of TSH regulation
and also at the level of T, secretion and/or metabolism. Reduced rT_,
but not T levels after blinding, may reflect the pineal-induced defic}t
in T, as d substrate for rT_ formation, altered peripheral conversion of
T (_# altered disposal of tl%/roid hormones. The ability of the pineal
gﬂwnd and melatoninr to suppress the thyroidal and the reproductive
axes indicate the need to examine the role of the pineal gland in burned
patients who have suppressed thyroidal and gonadal activity.

Thyroxine (T, )

Free T, Index (FT 1)

Reverse Triiodothyronine (rT3)
Blinding

Pinealectomy

Melatonin
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THYROID HORMONES IN A HAMSTER MODEL
WITH ACTIVATED PINEALS OR MELATONIN TREATMENT

INTRODUCTION

Because of suppression of thyroid an:1 reproductive function usually
seen in patients after burn injury, we now use an animal model to
examine another condition (restricted photic input) that produces these
same effects. Urinary (1) and plasma (2) testosterone levels are
suppressed in blind men, as are plasma thyroxine (T,) levels (2).

The hamster has provided one of the best animal modeL‘s to investigate
the endocrine sequetae of reduced environmental lighting. It is now
clear that the observed suppression of reproductive function (3) and

T, concentration (4} in light-restricted or blind hamsters resulits from
activation of the pineal gland by light restriction. Small doses (25 pg)
of melatonin, a pineal hormone, injected daily late in the light phase of
long photoperiods mimics the effect of the activated pineal gland, causing
reproductive collapse (3) and low T, levels (4). Pineal or melatonin-
induced changes in T, have not been ascribed to sex-steroid-related
alteration in T, transport binding; the changes in free thyroxine

index (FTul) p%rallel the changes in TL&'

As yet, it is not clear which components of the rather complicated
pituitary-thyroid axis are changed by the activated pineal or by melatonin.
In the conventional mammalian scheme (5), pituitary thyrotropin (TSH)
stimulates predominantly T, secretion from the thyroid, and T is
converted peripherally to either triiodothyronine (T.) or reve#se T, (rT,).

T3 is more metabolically active than T“, and rT3 is considered inacflive.

"71. Lenau H, Hollwich F, Dieckhues B, and Nierman H: Der Einfluss
des Augenlichts auf das mannliche Keimdrisenhormon. Forschz der
Fertil 3:136-139, 1976.

2. Hollwich F, Dieckhues B, and Schrameyer B: Die Wirkung des
nattirlichen und klinstilichen Lichtes tiber das Auge auf den Hormon-und
Stoffwechsel-haushalt des Menschen. Ktin Mbl Augenheilk 171:98-104, 1977.

3. Reiter RJ, Peterborg LJ, Brainard GC, de los Santos R,

Guerra JC, and Dinh DT: The photoperiod and melatonin in the control

of the annual cycle of reproduction in hamsters. In Matthews CD, and
Scamark RF (Eds.} Pineal Function. Amsterdam: Elsevier/North Holland
Biomedical Press, 1981, pp 95-102.

4. Vriend J, Reiter RJ, and Anterson GR: Effects of the pineal and
melatonin on thyroid activity of male golden hamsters. Gen Comp
Endocrinol 38:189-195, 1979.

5. Robbins J, Rall JE, and Gorden P: The thyroid and iodine
metabolism. In Bondy PK, and Rosenberg LE {Eds.) Metabolic
Control and Disease. Philadelphia: W.B. Saunders Company,

1980, pp 1325-1425.
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MATERIALS AND METHODS

Adult male golden hamsters were housed four or five per clear
e plastic cage in a cycle of light~to-dark, 14:10 h (lights off 2100 h) .
' Standard laboratory chow and tap water were available ad libitum.
When the animals weighed approximately 100 g, treatment groups of
8-10 hamsters each were delineated by the surgical procedures
performed and/or the other treatment regimens initiated in

three experiments. At the end of each experiment, animals were
sacrificed by decapitation between 0900 and 1100 h alternately

from each group to avoid a systematic influence of time of sacrifice.

b AN

In Experiment 1, control sham pinealectomy (CON), pinealectomy
(PX), sham pinealectomy plus blinding by removal of both eyes (BL)
and combined blinding and pinealectomy (BLPX) were performed.

After ten weeks, the animals were weighed and sacrificed, testes and
prostates excised and weighed, and trunk blood collected in heparinized
plastic tubes for later assay of Tu, T3, T3 uptake (T3U) , rT3 and TSH.

In Experiment 2, four groups received the same surgical procedures
as those in Experiment 1 and were not treated with melatonin. Two
additional groups were injected subcutaneously with 25 pg melatonin
] in 100 pl saline daily at 1600-1800 h. One of these two groups was sham
5. % pinealectomized (MELsc}, and the other was pinealectomized (MELscPX) .
Ten weeks later at sacrifice, animals, testes and prostates were weighed,
. and blood was collected in plain plastic tubes for later assay of TL&' T3,
rT3 and TSH.

& In Experiment 3, two unoperated groups (ten hamsters each)
received tap water to drink, 100 mi/cage of five hamsters replaced

~H daily and available only between 1600 and 0730 h, beginning 5 h before
E the onset of darkness. One group (MELpo) received melatonin, 3.1 mg
in 100 pl ethanol/100 ml drinking water. The ethanolic stock melatonin
solution contained a drop of McCormick green food coloring to help
possibly retard photo-oxidation of melatonin. The solution was prepared
once, sampled daily and kept in a light-proof glass vial at room
temperature in the animal quarters for the duration of the experiment.
After adding melatonin or diluent, two drops of green food coloring
was also added to the drinking water. Total volume consumed in each
cage per evening-night (1600-0730 h) was measured on six occasions
from the beginning to the end of the experiment, and the average dose
of melatonin was calculated. After eight weeks of treatment, animals
and reproductive organs were weighed at sacrifice and trunk blood
collected into heparinized plastic tubes for later assay of Tl&’ T3,

T3U and TSH.

T,. T3 (kits from Diagnostic Products), rT, (kits from Serono)
and TgH (reagents kindly provided by NIAMDD%?at Pituitary Distribution
Program, hamster plasma parallel to RP-1 standard) were measured
by radioimmunoassay. Free Tl& index (FTQI) and free T3 index (FT3I)

;
{
1
?,
h
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were the product of the T,U (kits from Diagnostic Products) and the T
or T, respectively. StatiStical analysis was performed using analysis
of vdriance, followed by the Newman-Keuls test between specific groups
if indicated. For Experiment 3 (two groups), the t test, and in one case
rectilinear regression and the z test for difference between independent
correlations (6) were used.

RESULTS

In Experiment 1 (Fig. 1), compared to CON values, testes and
prostates were small in BL but normal (significantly different from
those in BL) in BLPX. T, and FT | were reduced in BL but above
control level in BLPX; rT.,, reduced in BL, was normal in BLPX.
T,, FT3I and TSH showed3no differences among the groups except
fo%‘ elevated FT3I in BL.
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Fig. 1. Experiment 1: Reproductive indices and plasma thyroid
hormones 10 weeks after sham pinealectomy (CON), pinealectomy (PX)
and/or blinding (BL}. Significance symbols (*p < 0.05; **p < 0.01)
denote comparison vs. CON (without parentheses) or vs. BL (with
parentheses) . — -

6. Bruning JL, and Kintz BL: Computational Handbook of Statistics.
Glenview, lllinois: Foresman and Company, 1977, pp 214-215,
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In Experiment 2 (Fig. 2), reproductive organ weights and T, were
suppressed in BL and MELsc but normal in BLPX and MELscPX. No
difference in T, among groups was detected. Compared with values
in CON, rT, was reduced in BL and in MELsc but normal in BLPX. TSH

in

was elevat BL and normal in BLPX, with no discernable effect of
melatonin.
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Fig. 2. Experiment 2: Reproductive indices and serum thyroid
hormones 10 weeks after sham pinealectomy (CON), pinealectomy
(PX), blinding (BL), daily evening injections of 25 ug melatonin
subcutaneously (MELsc), or the indicated combinations. Significance
symbols (*p < 0.05; **p < 0,01) denote comparison vs. CON (without

parentheses). Parentheses indicate comparison vs. BL for BLPX and
vs. MELsc for MELscPX.
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In Experiment 3 (Fig. 3), average water intake/hamster/evening-
night (1600-0730 h) was 6.9 ml for CON and 7.6 ml for MELpo at the
start of the experiment and 7.8 ml for CON and 7.8 ml for MELpo at the
end. Mean water intake indicated an average daily dose of melatonin in
MELpo of 245 pg/hamster. Testes and prostates were smaller in MELpo
compared to those in CON. There was a tendency toward lower T, and
FT,! in MELpo (t test not significant).
correlated with testicular weight in a fashion not sig#ificantly different
(z test) from the correlation using data from BL and BLPX groups
of Experiment 1. No differences were seen between groups for T3, FT3I

or TSH.

Fig 3.
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Experiment 3:

Reproductive indices and plasma thyroid hormones

in hamsters after receiving diluent (CON) or melatonin approximately
245 pg/evening-night (MELpo) for 8 weeks in their drinking water
(**p < 0.01). For the panel showing the rectilinear regressions, the

B}. and BLPX data from Experiment 1) show a correlation not statistically
different from that using CON and MELpo.
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DISCUSSION

The suppressive effects of the pineal gland activated by blinding,
and of MELsc in hamsters with intact pineals, on reproductive variables
{3) and on circulating T, concentration (4) have been confirmed.
Although Vriend and Reﬂer (7) found some effect of 25 pg melatonin
in pinealectomized hamsters on T, levels (though an attenuated effect),
our results (Fig. 2) more clearly 'suggest pineal dependence of the T
suppression due to this dose given over about the same length of time.
Although it is not yet known why the presence of the pineal is necessary
for the observed melatonin-induced suppression of the gonads and of
T, levels, one might hypothesize that the injected dose synergizes with
th% melatonin produced by the pineal during the night. Thus, 25 ug 1
melatonin given early in the light phase was ineffective in suppressing
the reproductive system (3) or Tu levels (8).

We observed no consistent response of T, or TSH to blinding or
melatonin injection, although in one experimént (Fig. 2}, TSH was
elevated in BL. Consideration of other reports of suppression of T3
and TSH after blinding (9) or after melatonin injections of 25 ug late
in the light phase (10) allows the conclusion that a pineal effecton T
and TSH is a variable response and may be determined by factors no?
yet understood. However, so far as we know, the response of T, and
FTQI to the activated pineal and to melatonin is a consistent one (il,B) .

One can envision opposing but variably balanced effects on TSH
secretion exerted (a) by an inhibitory action of the pineal at or above
the level of the pituitary and (b) by a stimulatory action of low T
(reduced negative feedback) from an inhibitory effect of the pinegl on
the thyroid gland or from accelerated T, disposal. Both influences
appear to be operative but with a relative intensity that varies among
experiments. TSH levels were low in spite of reduced thyroid hormone
levels in blind (9) or melatonin treated (10) hamsters, and TSH was
not elevated in spite of reduced T, in BL (Fig. 1) and in MELsc (Fig. 2),
indicating suppression of TSH. Olf\ the other hand, suppression of Tu
without suppression of TSH levels in BL (Fig. 1) or MELsc (Fig. 2)
and low T“ in spite of elevated TSH levels in BL (Fig. 2) indicate the

7. Vriend J, and Reiter RJ: Free thyroxine index in normal,
melatonin-treated and blind hamsters. Horm Metab Res 9:231-234, 1977.
8. Vriend J, and Reiter RJ: Effects of melatonin and the pineal
gland on thyroid physiology of female hamsters. 11th Ann Meeting Soc

for Neurosci, Abstracts, Vol 7, p 716, 1981,

9. Johnson LY, Vaughan MK, and Reiter RJ: Effects of blinding and
afternoon melatonin injection on parameters of thyroid function in the
male golden hamster (Mesocricetus auratus). 11th Ann Meeting, Soc for
Neurosci, Abstracts, Vol 7, p 717, 1981,

10. Vaughan MK, Richardson BA, Johnson LY, King TS, Petterborg,
LJ, and Reiter RJ: Effects of thyroid-inhibitory and counter-inhibitory
afternoon doses of melatonin on T, uptake and plasma levels of TSH, T, ,
and T, in female hamsters maintained under long or short photoperiod.
11th A%m Meeting, Soc for Neurosci, Abstracts, Vol 7, p 717, 1981,
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capability of the pineal and melatonin to suppress thyroid secretion
directly or accelerate T, disposal. What determines whether the
inhibitory influence is elg(erted predominantly at the level of TSH
secretion, on the one hand, or at the level of the thyroid or perhaps

on thyroid hormone degradation, on the other hand, is not yet understood.
Study of thyroid hormone kinetics will be necessary to determine whether
accelerated T, disposal contributes to the suppression of circulating Tq
concentration observed under the influence of the pineal.

Our finding of reduced circulating rT_ concentration in BL,
which was repeatable (figs. 1 and 2), may reflect the deficit in Tl&
as the substrate for rT, formation, shunting of T, toward T at the
expense of rT formatign (thereby preventing a éll inT Ie%/els)
primary inhibition of rT,, formation or accelerated rT dggradation, or
a combination of these. %tudies of the kinetics of Tu,zT and rT, will
be necessary to determine if there is an effect of the pin%eal on péripheral
conversion of thyroid hormones.

The present studies document that melatonin administered orally
can be effective in suppressing the reproductive system (Fig. 3).
Though the suppression of T, and FTuI was not statistically significant
by the t test, there was a sigl#nificant correlation of FT,l with testicular
weight which was not statistically different from the correlation of FT |
and testicular weight observed in blinded hamsters with and without
pinealectomy (Fig. 3). This suggests the possibility of a weak effect
of oral melatonin on the T, tevels. The apparently weaker effect of
oral compared to subcutaneous administration of melatonin on
reproductive variables (some overiap of CON and MELpo testicular and
prostatic weights not corrected for body weight) and on T, may have
resulted from the choice of an oral dose that was not optimal, unequal
dosing of hamsters in a given cage, or greater hepatic degradation of
melatonin.

Because both the reproductive system and T, levels change in
hamsters with melatonin treatment or with pinealg activated by blinding,
it is necessary to consider whether changes in T, levels are simply a
result of altered binding of T, in plasma seconda"‘y to changes in sex
steroid levels. This is not the case because: (a) androgens tend to
decrease levels of thyroxine binding globulins (5) such that a possible
increased thyroxine binding globulin in androgen deficiency might be
expected to elevate rather than suppress T, levels; (b) blinding or
melatonin treatment suppresses the reprodt’jctive system also in female
hamsters and reduces T, levels whether or not they are ovariectomized
(8); (c) orchiectomy dic? not suppress T, levels or FT, | in male hamsters
(4); (d) in some experiments there has been no supprgssion of T
levels (figs. 1 and 2); (e) in one experiment {Fig. 2) blind animgls
had elevated TSH, suggesting physiologic significance of reduced free
T, in that case; and (f), blinding- or melatonin-induced reduction in
T, has always been associated with a parallel reduction in FT, 1 (4,7,9,
10), the latter correcting for possible changes in plasma Tu binding sites.

(5).
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The pineal gland and melatonin are capable of suppressing both
the rep. rductive system and circulating T, and rT. concentrations.
The effect on T, levels is not the result of a change in T, plasma
binding relateduto reduced sex steroid levels. Rather, ﬂ is a combina-
tion of suppression at or above the level of the pituitary together with
effects either directly on thyroidal secretion or on peripheral metabolism
of T,. Since burn injury of humans results in low T, and low testosterone,
the question of whether the pineal gland is the mediator of these responses
also in burn injury is currently being addressed using this animal model.

PRESENTATIONS/PUBLICATIONS

Vaughan GM, Vaughan MK, Seraile LG, and Reiter RJ: Thyroid
hormones in a hamster model with activated pineals or melatonin treatment.
Presented to the Symposium on The Pineal and Its Hormones, January 2-4,
1982, and published by Alan R. Liss, Inc., New York, New York, pp
187-196, 1982. '

80

C i e —.




¥ ANNUAL PROGRESS REPORT
ke PROJECT NO. 3S16772A874-00, APPLIED RESEARCH
PROJECT TITLE: STUDIES OF NEUROENDOCRINE ABNORMALITIES

IN BURN INJURY: [Il. THYROIDAL, REPRODUCTIVE
AND PINEAL FUNCTION IN A HAMSTER BURN

4 MODEL

i

3 US ARMY INSTITUTE OF SURGICAL RESEARCH
4 BROOKE ARMY MEDICAL CENTER

FORT SAM HOUSTON, TEXAS 78234

1 October 1981 - 30 September 1982

Investigator:

George M. Vaughan, M.D., Major, MC

iy al i .
R Wi AL iy ke A AN

h o e e —————

- b —— =

Reports Control Symbol MEDDH-288 (R1)

——eaa.

Unclassified

81




—— - -

P S,

ABSTRACT
PROJECT NO. 3516772A874-00, APPLIED RESEARCH

PROJECT TITLE: STUDIES OF NEUROENDOCRINE ABNORMALITIES
IN BURN INJURY: I1I. THYROIDAL, REPRODUCTIVE
AND PINEAL FUNCTION IN A HAMSTER BURN MODEL

US Army Institute of Surgical Research, Brooke Army Medical Center,
Fort Sam Houston, Texas 78234

Period covered in this report: 1 October 1981 - 30 September 1982
investigator: George M. Vaughan, M.D., MAJ, MC

Reports Control Symbol MEDDH-288 (R1)

Hamsters may provide a model for the neuroendocrine responses
of burned patients, because like humans, they respond to a burn with
1! weight loss, 2) reduction in circulating T, , 3) reduction in free Tq
cuncentration, 4) reduction in serum binding of T, , 5) excessive
suppression of a commonly used index of free T iﬂl proportion to
suppression of FT, , and 6] suppression of plasma testosterone. In
addition, the largest burn practicable in these animals (23%), used
in all experiments, produced a lowering of daytime but not nighttime
melatonin content of the pineal gland. [In another hamster model
(blinding), suppression of T, , free T, index, free T, , and reproductive
organ weights is pineal media‘\ed. However, in short-term pinealectomy
experiments, the burn-induced reduction in T, and testosterone is not
pineal-mediated. The pineal may retard the early postburn reduction
in plasma testosterone concentration. However, the burn-induced
reduction in testicular weight is mediated by the pineal gland. These
studies are the first to provide evidence for a role of the pineal gland
in the neuroendocrine response to trauma.

Thyroxine (Tll)

Free T, Index (FTul)
Blinding
Pinealectomy
Melatonin
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STUDIES OF NEUROENDOCRINE ABNORMALITIES IN BURN INJURY:
Il. THYROIDAL, REPRODUCTIVE AND PINEAL FUNCTION IN A
5y HAMSTER BURN MODEL

INTRODUCTION

A Burn injury in humans results in suppression of the thyroid and
k- gonadal axes (1-4). Restriction of photoperiod or blindness has these
x same endocrine effects in humans and animals, and these effects are
Ty mediated by the pineal gland in animals (1). This interesting
& combination of observations raises several fundamental questions,
including whether burns in an animal model produce the same
g : endocrine effects as in humans and whether such endocrine effects
B are mediated by the pineal gland. Most of the work on the pineal
dependency of the endocrine responses to interrupted visual input
has been done in hamsters. Pineal-dependent changes are more
readily produced in this species than in the laboratory rat which
has been bred for many more generations in laboratory environments
in which survival does not depend on detecting and responding to
. seasonal occurrence of restricted (winter) photoperiod. Although
blind hamsters have suppressed thyroxine (T,) concentrations and
3.5 free T index (FT, 1), |t has not been determined whether they have
3 suppressed free Tu ) concentrations as determined by dialysis.
F: Thus, we have assessed“the ability of the pineal (responding to
blindness) to alter FT, in hamsters. Further, we have investigated
‘ the male hamster as a %urn model, recording the alterations in body
weight, concentrations of total thyroid hormones, free serum thyroxine
5 concentration, and reproductive variables. Finally, we have obtained
initial data suggesting pineal involvement in the neuroendocrine
response to injury.

METHODS

Male golden hamsters, Mesocricetus auratus, were purchased from
the Charles River Breeding Laboratories, Inc., Wilmington, Massachusetts,
at about 90 g body weight (young adults}) and maintained in our animal
quarters in a light/dark environment of 14/10 h with lights on at 0700 h
and given standard laboratory chow and tap water ad libitum. In all

1. Vaughan, GM, Vaughan MK, Seraile LG, and Reiter RJ:

Studies of neuroendocrine abnormalities in burn injury: 1. Thyroid
hormones in a hamster model with activated pineals or melatonin
treatment. In U.S. Army Institute of Surgical Research Annual Research
Progress Report, 1 October 1981 - 30 September 1982. U.S. Army
; . Research and Development Command, Ft. Detrick, MD.

. 2. Vaughan GM, and Becker RA: Unpublished observations.
3. Dolocek R: Unpublished observations.
4. Molteni A: Unpublished observations.
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experiments, pinealectomy, blinding or burning was carried out when
the animals reached about 110 g. Blinding was by bilateral orbital
enucleation, pinealectomy by the method of Hoffman and Reiter (5) and
burning by a modification of the standard method for rats (6).

Excised skin surface area of unburned 110 g hamsters was measured
by planimetry. A burn mold with an exposure window of 27.25 cm? would
reproducibly retain the hamster with window edges fitting snugly enough
to exclude hot water from skin outside the area of the window and also
maintain a constant area of skin exposed through the window. Larger
windows failed to do this, so that the largest burn (back plus abdomen)
that was practical was 23% of body surface area. Therefore, in all the
experiments with burns, the total burn size was 23%. Under Na
pentobarbital anesthesia (30-35 mg/kg i.p.), the hair was clipped
and the animal placed in the burn mold. Exposure to 80 C scalding
water for 8 seconds (back), followed by injection of 5 ml physiologic
saline i.p., then exposure for 4 seconds (abdomen) resulted in full-
thickness thermal injury involving all layers of the epidermis and dermis
and occasionally the superficial layers of the panniculus muscle beneath
the abdominal skin. Sham-burned hamsters received the entire
procedure (including hair clipping) except that they were exposed to
water of room temperature. Control hamsters (without the hair clipped
and not exposed to water) were used in some experiments.

All animals were housed 4-7 per clear plastic cage with other
members of the same group.

All mortality occurred in the first 48 h following an invasive procedure
and was restricted to animals that had been anesthetized. Deaths in
burned animals usually occurred in the first 12 h after burning. Of
pinealectomized hamsters, 1/9 additionally blinded died, and 4/24
with only added sham burning and 3/28 with added burning (Exp. 9)
died. Of burn control animals with no anesthesia, i.p. saline, burn
or other surgical procedure, 0/10 died, and 1/30 controls with anesthesia
and i.p. saline died. In experiments not involving pinealectomy or
blinding, 0/209 sham-burned and 8/237 (3.4%) burned hamsters died.

In the experiments listed below, unless otherwise indicated, there
were 6-12 hamsters in each treatment grour at a particular time of
sacrifice. All animals were sacrificed by guillotine decapitation
between 0800 and 1100 (unless other times are specified), alternating
among groups to avoid a systematic error in variables between groups
and related to passage of time during the sacrifice. Body weights were
recorded just prior to burning and at sacrifice.

5. Hoffman RA, and Reiter RJ: Rapid pinealectomy in hamsters
and other small rodents. Anat Rec 153:19-22, 1965.

6. Walker HL, and Mason AD Jr: A standard animal burn.
J Trauma 8:1049-1051, 1968.
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Analyses. Thyroxine (T,), triiodothyronine (T,), reverse T
(rT3) ., invitro T, charcoal ugtake (T,U), and testos%erone analys%s
were performed with kits from Diagnogtic Products. Free T, index
(FT, ! was the product of the Tq and T _U. The dialyzable fraction of
T (‘?’ D) was determined at the Nicholg Institute, San Juan Capistrano,
California, by equilibrium dialysis, and the product of the T, and
the T, D is free T, concentration (FT ). Melatonin was measdred using
the Rollag procecﬂu‘e as modified (7). Meiatonin in experiments 4 and 6
was determined by Dr. R.J. Reiter at the University of Texas Health
Science Center at San Antonio, and all other melatonin values were
determined in this laboratory. All hormone concentrations were
determined by radioimmunoassay. Zinc (Zn) was determined by
atomic absorption spectrometry under the auspices of Dr. M. Powanda
and Mr. Y. Villarreal, Chemistry Branch, of this institute. All assays
were performed such that all groups to be compared were represented
in alternating positions throughout one assay.

The Student t test was used to compare the means of a variable
between two groups. For more than two groups in a comparison, a
one-way analysis of variance followed by a Student-Newman-Keuls
test (contingent upon F with p < 0.05 for the null hypothesis) was
used to compare means. To determine if the relationship between two
variables differed between two groups, analysis of covariance(ANOCOVA)
and multiple linear regression analysis with group as the other
independent variable were used. In the ANOCOVA, if no difference
in slope between groups was detected (p <« 0.05), then a difference
in group position was tested for significance.

Experiment (Exp) 1. The animals were divided into three groups:
sham-pinealectomized (SHPX), blinded and sham-pinealectomized
(BL-SHPX), and blind and pinealectomized (BL-PX). Eleven weeks
later, the animals were sacrificed by decapitation, body and reproduc-
tive organs were weighed, and trunk serum was saved for determination
of Tq, T3U, and TuD.

Experiment (Exp) 2. Animals were divided into sham-burned
and burned groups and sacrificed on postburn days (PBD) 1, 4 and 11.
Heparinized trunk plasma was saved for determination of Tu, T3 and T3U.

Experiment (Exp) 3. Control, sham-burned and burned hamsters
were sacrificed on PBD 1, 3 and 7 and heparinized trunk biood was
saved for analysis of Tq, T3, T3U, r‘l'3 and testosterone.
Experiment (Exp) 4. Control, sham-burned and burned animals
were decapitated on PBD 6. Heparinized plasma was saved for determination
of T,. T., T.U, rT, and testosterone. Pineals were excised and saved
(- 780C)3for Yetermination of melatonin. Animals were earmarked so
that the sacrifice weight could be matched in the same animal with the
pre-burn weight.

and Sackman JW: Overnight p'asma profiles of melatonin and certain

adenohypophyseal hormones in men. J Clin Endocrinol Metab 47:566-571,
1978.
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3 Experiment (Exp) 5. At the usual time in the morning (0800-1000 h),
s, sham-burned and burned animals were sacrificed on PBD 1 and 13, and
at 0400 h on PBD 14. On PBD 7, control, sham-burned and burned

et hamsters were sacrificed at 0800-1000 h. EDTA plasma from those
It sacrificed on PBD 7 was saved for assay of T,, and serum from the
3 PBD 14 sacrifice was saved for T, and T, D arl{alysis. The pineals from
all animals in the experiment wer% savea for melatonin determination.

Experiment (Exp) 6. Sham-burned and burned hamsters were
sacrificed on PBD 5, and serum was saved for determination of Tu,
T,U and T,D. Pineals were taken for assay of melatonin. There were
9 sham—bu#ned and 18 burned animals.

Experiment (Exp) 7. Sham-burned and burned hamsters were
sacrificed on PBD 14, 21, 28, 35 and 42. Serum was saved for analysis
of T,, T,Uand T,D. Pineals were saved for assay of melatonin,
SerLﬁn vgriables are available for PBD 14 and 21, and pineal melatonin
for PBD 14, 21 and 28. These animals were sacrificed 4-6 hours into
the light phase.

Experiment (Exp) 8. Sham-burned and burned hamsters were
sacrificed every two hours on PBD 7, completing the first sacrifice
just before the onset of darkness at 2000 h and the last sacrifice

3 just before the end of the dark period at 0600 h. All pineals were
b taken for melatonin assay, and serum at the 0400 h and 0600 h time
points was taken for Tu assay .

3 Experiment (Exp) 9. Animals were initially divided into

b sham-pinealectomized (SHPX) and pinealectomized (PX) groups.

= Two days following these procedures, each of the initial groups was

2 divided into sham-burned (SHBU) and burned (BU) animals by |

performing these procedures. Further, one-half of each of the resulting {

groups (SHPX-SHBU, SHPX-BU, PX-SHBU, PX-BU) was sacrificed

on PBD 6 and the other half on PBD 14. At sacrifice, there were

9-14 animals in each of the 8 groups. Reproductive organs were

| weighed, and one testis was saved for determination of Zn.

1 Body weights were recorded and paired with pre-burn weights,

. utilizing ear markings for identification of animals. Livers were
perfused with physiologic saline, and an anterior wedge was resected,
weighed and analysed for Zn. Serum was saved for assay of Tu,

testosterone, rT3 and Zn.

RESULTS

Effect of the pineal on T, .

Exp. 1. Blindness (BL-SHPX) suppressed testicular and prostatic
k weights whether or not organ weight was corrected for body weight

' (Fig. 1). T,U was lower in the BL-PX group than in the other two

; groups, and’there were no differences in T,D (Table I). Blinding
markedly suppressed TIJ' FTuI and FTu (Fig. 2). None of the changes

DY O
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Figure 1. Testicular and prostate weights in Experiment 1, as absolute
K (g)or relative (mg/g body weight) values 11 weeks after sham pinealectomy
, (SHPX), blinding (BL) and/or pincalectomy (PX) .
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Table |I. ln vitro T uptake (T, U} and dialyzable fraction of serum
(T,D) %1 weeks af ?er sham pinealectomy (SHPX), blinding (BL)
by orbital enucleation, and/or pinealectomy (PX), in Exp. 1.

SHPX BL-SHPX BL-PX
T3U TuD T3U TuD T3U T“D
(%) (%) (%) (%) (%) (%)
Mean 38.04 0.0638 38.66 0.0581 36.63%* 0.0504
SE 0.319 0.004 0.293 0.004 0.404 0.006
n 1 11 12 12 8 8
**p < 0.01 vs SHPX and BL-SHPX.
Table Il. In vitro T_ uptake (T_U) at various postburn days (PBD)
in experm}ents 2 (PBB 1,4,11) and 3 (PBD 1,3,7)
Sham Sham Sham
Controi Burn Burn |[Control Burn Burn [Control Burn Burn
PBD 1 y 1
Mean 49 40 50.01 49.32 51.55% 46.54 48 4g9**
SE 0.172 0.699 0.269 0.330 0.426 0.317
n 5 7 8 7 7 6
PBD 1 3 7

Mean | 42.11 40.37**41.088| 41.66 39.98741.841 [41.39 39.67*%41.22**

SE 0.395 0.295 0.287 [0.248 0.275 0.303 | 0.633 0.326 0.301
n 7 8 8 7 8 8 6 8 10

*p < 0.05, **p < 0.01, tp < 0.001 vs contro! (for sham burn) or vs
sham burn (for burn). §p < 0.05 vs ; control.
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Figure 2. Thyroxine (T“), free T, index (FT,!l) and free T, (FT,)

in the hamsters of Experiment 1. ‘Fhe error lines in the upp%r pa#el {as
in atl other graphs) are SE. The regression line (bottom panel) is that
for only the BL-SHPX group. The dotted line connects the mean point

of the BL-SHPX group with the combined mean of the other two groups
and provides the index of comparison for the position test using analysis
of covariance (ANOCOVA). For the multiple regression, group (GRP)
for each value was assigned a value of +1 or -1 as indicated.
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due to blinding was present if also the pineal gland had been removed
(BL-PX). FT,!l was correlated with FT, among all animals and in the BL-SHPX
group alone, But not in the other two groups together (Fig. 2). FT,I
in BL-SHPX was lower than expected for the general relationship of*
FT,l to FT, as seen by both a multiple regression with group as a
variable and an ANOCOVA. SHPX and BL-PX were considered as one
group, because (a) both these groups lacked a stimulated pineal gland
(visual perception of the long photoperiod and pinealectomy both
remove pineal influence) and (b) FT, | and FT, were not different
between these groups. In order to ml‘nimize the likelihood of ANOCOVA
significance for position difference, the combined group with
unstimulated pineals was assigned a slope of 0 instead of the calculated
value (since within the group the correlation was not significant) , the
BL-SHPX group's own slope was used instead of the common slope,

and for the gruop with unstimulated pineals, the total (instead of the
residual) sum of squared deviations was used. The resultant p value
was < 0.05. Without the substitutions, p was < 0.001.

Effect of burning on thyroid hormones.

Exp. 2, 3 and 4. Figure 3 shows that T, was suppressed in
burns compared to shams on PBD 3, 4, 6, 7 gnd 11, and perhaps on
PBD 1. On PBD 3, and to a lesser extent on PBD 7, T, was lower in
shams than in controls. The same relationships among groups appear
in the FT I. Suppression of rT, in burns was seenon PBD 1, 3, 6
and 7, bu"t suppression in shamg was less dramatic or consistent.

The large variation of T, patterns between experiments precludes a
definitive assessment, except that T_ was lower in burns than in
sham burns on PBD 1. In Exp. 4, a‘weight loss (by PBD 6) was seen
only in burns. T,U was almost always higher in burns, compared to

shams (Table [1},”and in some cases, T3U was lower in shams than in
controls.

Exp. 5. Figure 4 shows that on PBD 7, burns suppressed T
measured at the usual time (0800-1000 h)and suppressed T, and ST

measured at 0400 h on PBD 14, compared to values in anime‘ﬁs with 4
sham burn,

Exp. 6 and 7. Figure 5 shows that Tu was suppressed in burned
animals compared to shams at PBD 5, 14 and 21. However, FT“ was
not suppressed in the burn group on PBD 5, whereas it was on PBD 14
and less dramatically so on PBD 21. FT,| was suppressed in burns
relatively more than was the FT, at all tﬂlree time points, as shown
by the regression analyses and 'ANOCOVAS (Fig. 5). Although the
regression of FT | on FTl& tended to be positive in most groups, it
was negative in tlhe sham'burns on PBD 14. Whereas T.U did not

differ between groups, TQD was elevated in burns at al? three time
points (Table I1l).
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Figure 3. Values for thyroxine (Tll)' its free index (FT 1), triiodothyronine
(T,), reverse T, (rT,) and T, uptake (T,U) in experiments 2 (left

par%el) , 3 (middl%e pan%el) and l? (right pan%l) . Weight change indicates
change from pre-burn weight. A p value over a bar compares that

bar with the one adjacent to it. *p < 0.05, **p< 0.01 and ***p< 0.001,
comparing burn with sham burn or sham burn with control groups at

the postburn day (PBD) indicated.
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Composite results of weight change and Tu in burns.

Combining all experiments not involving pinealectomy or blinding,
Fig. 6 shows that burned hamsters lost about 6% of pre-burn weight
(maximal in the second week) and returned to pre-burn weight by
about PBD 18. However, suppression of circulating T, was much
more dramatic and was present from PBD 1-21 (Fig. 6)". Data points
are means for groups. For body weights, mean sacrifice
weight less the pre-burn weight (body weight change), as a percent
of the pre-burn weight, was utilized.

Plasma testosterone in burns.

Figure 7 shows that on PBD 1, 3, 6 and 7, mean testosterone
concentration was lower in burned hamsters than in shams or controls,
and the difference was significant on PBD 3 and 7. On PBD 1, sham
values were lower than in controls.

Pineal melatonin in burns.

Although at eight different points from PBD 1-28, mean pineal
melatonin in the morning (0800-1000 h ) was lowest in the burn groups
(Fig. 7}, comparing burns and shams, this difference was smallest on
PBD 1 and 28, and greatest on PBD 14 at which point pineal melatonin
was suppressed to 50% of the sham value. Figure 8 depicts the nocturnal
pattern of pineal melatonin. On PBD 7, at the 2000 h time point, still
during the light phase, values were significantly lower in burns than in
shams, corroborating the suppression of daytime pineal melatonin
values in burns noted above. However, the normal nocturnal surge
in melatonin was not affected by burning as seen on PBD 7 with 2-hourly
values and on PBD 14 with 0400 h values.

Effect of pinealectomy on the response to burning.

Figure 9 shows that pinealectomy two days before sham-burning
lowered T, at PBD 6 but not at PBD 14 (SHPX-SHBU vs PX-SHBU).
However, L{he dramatic suppression of T, in burned hamsters evident
at PBD 6 and 14, was unaffected by pinealectomy two days before burning
(SHPX-BU vs PX-BU). Testicular weight was unaffected by burning
and/or pinealectomy on PBD 6 (Table IV, Fig. 9). However, by PBD 14,
the pinealectomized groups had relative sparing of testicular mass
reduction. That is, the reduction of body weight gain due to pinealectomy
(PX-SHBU vs SHPX-SHBU) was accompanied by slightly higher mean
relative testicular weight and, more dramatically, the weight loss due
to pinealectomy plus burning (PX-BU vs SHPX-SHBU) was accompanied
by significantly higher relative testicular weights (Fig. 9). The
reduction in testicular mass by PBD 14 in burns was prevented by
pincalectomy (Table IV). On both PBD 6 and 14, both pinealectomy
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Table IV. Reproductive organ weights for groups in Experiment 9 on
postburn days (PBD) 6 and 14. Sham (SH} pinealectomy or
pinealectomy (PX) was performed two days prior to sham (SH)-
burning or burning (BU) .

Testes (mg) SHPX-SHBUT SHPX-BU PX-SHBU PX-BU
Mean 3102 3267 3062 3011

PBD 6 SE 56.6 98.8 72.2 127
n 12 12 9 12
Mean 3226 2813* 3280 3140

PBD 14| SE 85.9 124 70.1 103
n 12 14 11 13

*p < 0.05 vs each remaining PBD 14 group mean.

Prostate (mg) SHPX-SHBU SHPX-BU PX-SHBU PX-BU
Mean 78.6 68.0 74.7 82.0

PBD 6 SE 7.3 6.2 5.5 6.0
n 12 12 9 12
Mean 67.4 61.0 75.7 62.7

PBD 14| SE 5.6 5.6 6.1 5.5
n 12 14 11 13
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and burning cause separate and additive suppressive effects on body
weight (Fig. 9). Absolute (Table IV} and relative (Fig. 9) prostate
weights were unaffected by burning or pinealectomy, as were rT_,
testicular Zn and plasma Zn (Fig. 10). Liver Zn was reduced in
PX-BU animals compared with that in PX-SHBU animals. Whereas
the postburn reduction of plasma testosterone did not occur on PBD 6
in this experiment, it did on PBD 14 and was not prevented by
pinealectomy (Fig. 9). On PBD 6, it appears that pinealectomy
allowed a response to burning in plasma testosterone which was
reduced in the PX BU group, implying that the intact pineal gland
delays the burn-induced reduction in plasma testosterone.
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DISCUSSION

Previous work from this and other laboratories led to the
prediction that the pineal-induced suppression of circulating T
reliably observed in light-restricted hamsters was accompaniec?by
4 a reduction in FT, concentrations, despite the associated collapse
3 of the reproductive system and the likely resultant alteration of
thyroid hormone binding proteins (1). This prediction was based
partly on observed reduction of FT,} in blinded hamsters. The
present work not only confirms the pineal-dependent suppression of
¢ reproductive variables, T,, and FT I after blinding, but aiso shows

for the first time that the pineal is capable of suppressing FT,, as

measured by dialysis, in blind hamsters. Furthermore, sinclé T D

was unaffected and T_,U was suppressed (an expected effect of reduced
, total T, ). the pattern’observed in the blind hamsters closely resembles
that in human primary or pituitary hypothyroidism. However, the
excess suppression of FT, 1 compared to FT, indicates some similarity
between the anim_Is with %ctivated pineals and burned patients (8] .
This present result could be due to pineal induction of a factor that
inhibits binding of thyroid hormone to the charcoal of the T, U test,
so that the T U was suppressed to a greater extent than acc%unted
for by the re%uction in total T, . Thus, several cardinal endocrine
features of burned humans are produced by the pineal gland in
hamsters, including reduced T, , FTqI and FT, , greater suppression
of FT,1 compared to FT,, and suppression of t%e reproductive system.
Thus, the thyroid status of burned hamsters was examined.
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Burned hamsters, like burned humans, have suppressed T, ,
FT, .l and FT, and relatively greater suppression of FT | than
expected on lthe basis of FT, values. The suppression of FT, was
not evident on PBD 5, but was dramatic on PBD 14, and less impressive
by PBD 21, FTuI was suppressed throughout this time period. The
negative slope between FTqI and FTll in PBD 14 shams (Fig. 5) is not

[PV P S U -

' " 8. Vaughan CM, and Seraile LG: Assessment of thyroid hormone
‘ kinetics in thermally injured patients: Altered transport binding of
Tl& and T, in burned soldiers. InU.S. Army Institute of Surgical
Research Annual Research Progress Report, 1T October 1981 -
30 September 1982. U.S. Army Research and Development Command,

Ft. Detrick, MD.
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Figure 10. Tissue and plasma Zn concentrations in Experiment 9.

See Figure 9 for explanation.
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explained, since the slope was positive in sham burns at PBD 5 and 21.
FT, was suppressed in burns v hether sampled during the day (0800-
IOOLb h, Fig. 5) or at night (0400 h, Fig. 4). Compared to sham burns,
T.,U was either elevated (Table Il) or unchanged (Fig. 3) in burns.
In"other experiments (Table Ill} in which T_U was the same in burns
and shams, the T,D was elevated. Thus, Ii?ke burned humans (8},
burned hamsters lﬁave reduced transport binding with proportionately
iess (if any) elevation of T_U. Thus, the circulating factor proposed
in burned humans that may inhibit binding to serum proteins (increase
in T,D) and to charcoal (less increase in T_U, and lower FT, ! than
expected for the FTq) may also be present F}m the hamster moéel. The
role of possibly reduced concentrations of thyroid hormone binding
proteins remains to be elucidated.

Although one experiment showed reduction of T in burns, others
showed an inconsistent T pattern (Fig. 3). Likewise, the reduction
in rT, seen in some cases (Fig. 3) was absent in another (Fig. 9).
Whetr?er this inconsistency was due to the small burn size necessary in
hdmsters is not known. However, two variables which appear
unequivocally affected by this burn in hamsters are body weight and
T, (Fig. 6). The composite data show that the approximately 6% weight
loss in burned hamsters was regained by about PBD 18. In contrast,
the reduction in T, was much greater and had not returned to control
value by PBD 21. L&I’hough the composite data indicate little effect of
sham burning on body weight and T, , individual experiments in some
cases show reduction of T, in shams’'as compared to controls. Any
effect of the sham procedure may have resulted from the hair clipping
and, hence, reduced insulation with consequent thermoregulatory
alterations.

The reduction in plasma testosterone (Fig. 7) in burned hamsters
is consistent with the same finding in burned humans (Vaughan and
Becker, unpublished observations) .

The reduction in pineal gland melatonin content, which occurred
only during the light phase (Fig. 7 and Fig. 8), was most pronounced
at the end of the second week after burning, about the same time as the
greatest observed reduction in FT  (Fig. 5). The lower melatonin
values for shams and burns in one'experiment (Fig. 7, bottom panel)
could represent either the later time of sacrifice in the light phase or
indeterminate variability among different experiments. The inability
of the burn injury to affect the nocturnal surge in pineal melatonin
could be due either to the small burn size or to a special effect on
daytime pineal melatonin. Nevertheless, the changes in pineal melatonin
suggest that the pineal gland has a role in the postburn neuroendocrine
response.

We tested whether this role of the pineal might be as mediator for
other neuroendocrine responses by pinealectomizing groups two days
prior to the burn. The response of Tl& occurred with or without the
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pineal gland. Though this could mean that the pineal may not be
necessary for the T, response to burning, it is stifl possible that
normal pineal activily in the weeks or months prior to a burn was
necessary for the response. We must allow for this possibility, because
in another species (the ferret) a delayed effect of pinealectomy on

the reproductive system has been observed (9). Pinealectomy weeks
or months prior to burning may be necessary to answer this question.

However, the reduction in testicular mass due to burning was
prevented by pinealectomy. This indicates that at least some of the
effect of burns on the reproductive system is pineal-mediated.

Because alterations in plasma and tissue Zn levels were seen after
pinealectomy in rats (10}, we assessed Zn concentrations in plasma,
testes and perfused liver (Fig. 10). No changes due to pinealectomy
or burning were observed except for a lower hepatic Zn in PX-BU
than in PX-SHBU hamsters at PBD 14. The significance of this
finding is obscure, except that pinealectomy may allow burning to
suppress accumulation of Zn in the liver.

The most consistent endocrine findings in burned hamsters were
suppression of circulating T, and of daytime pineal melatonin content;
and, if plasma testosterone was not suppressed in the first week (as
it often was), it was by the end of the second week postburn. The
maximum suppression of melatonin coincided (PBD 14) with maximum
suppression of FT, and suppression of plasma testosterone. By PBD 14,
testicular weight was suppressed, and this was pineal-dependent.

It may be that the postburn reduction in testicular weight would be
greater by three or four weeks postburn, but it might be expected

that very soon the effect would bc lost as the burn heals. In contrast,
the testicular weight reduction in another hamster paradigm (blinding),
also pineal dependent, is much more dramatic but requircs 8 to 10 weeks.

The responses in testicular weight (probably more FSH dependent)
and plasma testosterone (probably more LH dependent) appeared to be
dissociated with opposite effects of the pineal gland. Whereas the
postburn reduction in testicular weight on PBD 14 was pineal-dependent,
the reduction in testosterone was not. In fact, on PBD 6, the pineal
appeared to prevent reduction in testosterone, an effect lost or overcome
by PBD 14. Whether the dissociation between testicular weight and
testosterone results from different gonadotrophic neuroendocrine
control mechanisms affected differently by the pineal or from a separately
induced accelerated testosterone disposal due to burning partially
ameliorated by the intact pineal is not known.

, p R R R I Ty
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9. Herbert J: The role of the pineal gland in the control by
light of the reproductive cycle of the ferret. In Wolstenholme GEW,
and Knight J (Eds.) The Pineal Gland. London: Churchill Livingstone, |
1971, pp 303-329. :
10. Cunnane SC, Horrobin DF, Manku MS, and Oka M: Alteration
of tissue zinc distribution and biochemical analysis of serum following
pinealectomy in the rat. Endocr Res Com 6:311-319, 1980.
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The endocrine responses (T,, FT,, testosterone) to burning in
hamsters resemble those in humans and, thus, the hamster model
may be useful for further investigation. Furthermore, since the
pineal gland is involved in the neuroendocrine response to burning
in the hamster model, we will investigate pineal involvement in the
response in humans. Plasma melatonin concentrations may help in

this regard.
PUBLICATIONS/PRESENTATIONS

None.
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Figure 1. Testicular and prostate weights in Experiment 1, as absolute
{g)or relative (mg/g body weight) values 11 weeks after sham pinealectomy
(SHPX), blinding (BL) and/or pinealectomy (PX) .

Figure 2. Thyroxine (T,), free T, index (FT ,I) and free T, (FT,)

in the hamsters of Experﬂ‘nent 1. ‘fhe error Ii#es in the upp%r parqel (as
in all other graphs) are SE. The regression line (bottom panel) is that
for only the BL-SHPX group. The dotted line connects the mean point

of the BL -SHPX group with the combined mean of the other two groups
and provides the index of comparison for the position test using analysis
of covariance (ANOCOVA). For the multiple regression, group (GRP)
for each value was assigned a value of +1 or -1 as indicated.

Figure 3. Values for thyroxine (Tll] , its free index (FT, 1), triiodothyronine
(T,), reverse T, (rT,) and T, uptake (T, U) in experim%nts 2 (left

par%el) .3 (middl3e pan%el) and l? (right pan%l) . Weight change indicates
change from pre-burn weight. A p value over a bar compares that

bar with the one adjacent to it. *p < 0.05, **p< 0.01 and ***p< 0.001,
comparing burn with sham burn or sham burn with control groups at

the postbuirn day (PBD) indicated.

Figure 4. Thyroxine (T,) and free T (FTq) on postburn day (PBD} 7
(early light phase) or 14 (dark phase?. p values compare a bar with
the adjacent one to the left.

Figure 5. Thyroxine (T,), its free index (FT,l) and free concentration
(FT,) in experiments 6 ﬂeft panel) and 7 (mid‘tﬂe and right panels) on
post‘burn days (PBD) indicated. The regression lines are based on the
multiple regression analyses shown above the abscissae, except in the
middle panel in which they are based on the individual group linear
regressions. ANOCOVA, analysis of covariance.

Figure 6. Body weight change and circulating T, concentrations at
various postburn days (PBD) in hamsters with to‘fal burn size (TBS)
of 23% body surface. The burn weight curve results from the two
regressions with their junction point rounded by hand. For the Tl&’
C.1.M. indicates the 95% confidence interval of the mean, and the
shaded area visually approximates the range of values for the burn
groups. In both graphs, each data point is a group mean.

Figure 7. Plasma testosterone (Testo) and pineal melatonin (Mel) at
various postburn days (PBD). PBD 6 values for testo (Experiment 4)
are shown along with values from other PBD (Experiment 3). PBD 5
and 6 Mel values (experiments 6 and 4 respectively) are shown along
with those from PBD 1, 7 and 13 (Experiment 5). The bottom panel
represents Experiment 7. Values from the same experiment are
connected with lines. *p < 0.05, **p < 0.01 burn vs sham burn.
(*) p < 0.05 burn versus other two groups combined because of
lack of significant difference between them.

Figure 8. Nocturnal melatonin values on PBD 7 (Experiment 8) and
PBD 14 (Experiment 5). Pg/pin, pg/pineal.
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Figure 9. Plasma thyroxine (T,), reverse T (rT3 , testosterone,
weights of reproductive organs relative to bo%iy weéight, and body
weight change relative to pre-burn weight in Experiment 9 on
postburn day (PBD) 6 and 14 after sham (SH) burning (BU), BU,
pinealectomy (PX) or SHPX (and the indicated combinations) .
Unless otherwise indicated, p values compare a bar with the one
adjacent to the left.

Figure 10. Tissue and plasma Zn concentrations in Experiment 9.
See Figure 9 for explanation.
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To determine if concentration gf plasma arginine vasopressin (AVP)
is inappropriate for the plasma Na concentration in hyponatremic burn
patients, we obtained 32 plasma samples from 20 patients with total burn
size (TBS) 15 to 80% of body surface on or after postburn day (PBD) 4 in
the morning following alt-night recumbency . In the 25 samples (17 patients)
with hyponatremia, AVP was elevated, 1.6 to 14.3 (normal < 0.5) pg/ml.
Most patients with normal serum Na had normal AVP values. Out of the
total, nine patients (12 samples) without renal failure or sepsis, selected
also for hyponatremia and+urinary Na 220 mEq/L, were considered
separately, BUN of 11.7 - 1.18 mg/dl and plasma glucose of 130 - 5.6
mg/dl, Na of 130 - 1 mEq/L, calculated osmolality of 272 - 1.6 mosm/kg,
and cortisol of 20.4 - 1.6 pg/dl were associated with 3 24-houyr fluid intake
of 4.3 -0.26 L and urjnary output of 2.7 -0.33 L. Na of 80 - 14 mEq/L,
and osmolality of 520 - 73 mosm/kg (mean - SE). In all of the plasma
samples, AVP was markedly elevated (6.9 - 1.1 pg/ml). In another study,
five hyponatremic burn patients were given a standard water load.
Excretion of the water was delayed, and further dilution of the initially
hypotonic plasma resulted in a fail of urinary osmolality and plasma AVP.
Cutaneous thermal injury can cause resetting of the mechanism linking
plasma tonicity and AVP secretion resulting in dilutional hyponatremia.
This syndrome occurs in the absence of gross physiological perturbations
such as volume depletion or adrenal insufficiency.

Plasma arginine vasopressin
Hyponatremia
Urinary osmolality
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INAPPROPRIATE VASOPRESSIN SECRETION (SIADH) IN BURN PATIENTS

Antidiuresis in the first 24 to 36 hours following trauma has been
observed for many years and was reviewed by Dudley et al (1). Using
major surgery as a model, these authors also found marked water retention
in the first one to two days after surgery that could be mimicked by
administration of exogenous posterior pituitary extract. They proposed
that post-traumatic antidiuresis was not entirely explained by sodium
retention but resulted from secretion of antidiuretic hormone (ADH) and
suggested that confirmation of this mechanism awaited an assay for ADH.

Soroff et al. (2) found that exaggerated antidiuresis often exists for
days and weeks after burn iqjury. They observed that in burn patients
exhibiting a fall in serum Na concentration, there was an associated
administration of greater amounts of electrolyte-free water than in othe
burn patients. Adequate urine flow (mean 2.7 L/day), appreciable Na
excretion (64 mEq/L)+and positive Na balance indicated that a deficit of
fluid volume or of Na , a possible cause for water retention, was not a
factor in these cases. Instead, they suggested that hyponatremia in the
presence of burn injury is dilutional and speculated that it results from
an osmoregulatory mechanism set a lower than normal plasma tonicity.

Following this, the clinical syndrome of inappropriate secretion of
antidiuretic hormone (SIADH) was described in patients with cancer,
disorders of the central nervous system, and diseases of the lung, and
the clinical criteria for the diagnosis of SIADH were defired (3).
Collentine et al. (4) reported three burn patients exhibiting the criteria
of hyponatremia and hypotonic plasma, urine not maximally dilute, and
normal renal and adrenal function. They suggested that burn injury
could cause SIADH.

Subsequent development of a radioimmunoassay for plasma ADH
(arginine vasopressin, AVP) allowed confirmation of elevated plasma
AVP as the mechanism of classical SIADH (5). Apglication of AVP

1. Dudley HF, Boling EA, LeQuesne LP, and Moore FD: Studies
on antidiuresis in surgery: Effects of anesthesia, surgery and posterior
pituitary antidiuretic hormone on water metabolism in man. Ann Surg
140:354-367, 1954,

2. Soroff HS, Pearson E, Reiss E, Artz CP: The relationship
between plasma sodium concentration and the state of hydration of
burned patients. Surg Gyn Obstet 102:472-482, 1956.

3. Bartter FC, and Schwartz WB: The syndrome of inappropriate
secretion of antidiuretic hormone. Am J Med 42:790-806, 1967.

4. Collentine GE, Waisbren BA, and Lang GE: Inappropriate
secretion of antidiuretic hormone as an accompaniment of burn injury.
In Matter P, Barclay TL, and Konickova A (Eds). Research in Burns.
Transactions of the Third International Congress on Research in Burns.
Bern, Switzerland: Hans Huber Publishers, 1971.

5. Robertson GL, Shelton RL, and Athar S: The osmoregulation
of vasopressin, Kidney Internat 10:25-37, 1976.
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assays to plasma of burn victims (6,7) has been {imited to the first
postburn week and has demonstrated very high concentrations of AVP

in the presence of high plasma tonicity. Initially high plasma osmolality
may have resulted from the fluid shifts that occur just after injury and
during the first few days when fluid resuscitation is the prime goal of
therapy. However, by postburn day 4 to 6, one can see in those data

a suggestion of low plasma tonicity at a time when plasma AVP was still
elevated. In those studies, serum Na concentrations were not presented,
and in one (6), it is stated that serum Na  stayed within normal limits.
Thus, the possibility of SIADH was not evaluated in those studies.

We have focused our attention on burn patients with hyponatremia
occurring after the third postburn day when circulating volume has
been restored (8